SIDDHANTA-DARPANA 


(1899 A.D.) 


English Translation with Mathematical 
Explainations and Notes 


Vol. II 


Arun Kumar Upadhyay, IPS : 
M.Sc., AIFC 


Present second volume 
translates all the verses in 
English. Translation is not 
literal but in mathematical 
terms, but preserving the 
technical terms in Sanskrit. 
Verses in praise of god have 
been left out, not because of 
disrespect. With all devotion 
inspired by Samanta 
Chandrashekhar, this is not 
the purpose of the second 
volume. In addition to trans- 
lation, each formula has been 
explained or derived accord- 
ing to modern mathematics 
and astronomy. The methods 
have been compared with 
other Indian astronomers and 
some times with other 
countries and with modern 
astronomy. This: was the 
method and: purpose. of 
Samanta himself. 

Technical terms and 
their calculations cannot be 
explained in words alone. So 
a general mathematical and 
technical introduction is 
given at beginning of each 
chapter with bibliography or 


source reference for further. 


study. In that light only, the 
methods proved in the chap- 
ter can be understood. 
Where-ever considered use- 
ful, methods have also been 
explained with examples, 
based .on .text as well as 
modern astronomy. 
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INTRODUCTION 


(1) Arrangement of the book - 


Scope - Original book was written in 2,500 
Sanskrit verses in Oriya script on palm leaves. It 
was published with introduction in English by Prof. 
Jogesh Chandra Roy of Ravenshaw College, Cuttack 
by Calcutta University in 1899. Subsequently same: 
edition was reproduced with approximate Oriya 
translation by Pandit Vir Hanumana Shastri, by 
Utkal University, Bhubaneswar (then at Cuttack). 
This was reprinted by Dharmagrantha Stores, 
Cuttack. Some parts have not been translated and 
explained. First volume of this book renders the 
Sanskrit verses in devanagari script with literal 
Hindi translation. It also contains the original 
introduction. 


Present second volume translates all the verses 
in English. Translation is not literal but in 
mathematical terms, but preserving the technical 
terms in Sanskrit. Verses in praise of god have 
been left out, not because of disrespect. With all 
devotion inspired by Samanta Chandrashekhar, this 
is not the purpose of the second volume. In addition 
to translation, each formula has been explained or 
derived according to modern mathematics and 
astronomy. The methods have been compared with 
other Indian astronomers and some times with 
other countries and with modern astrohomy. This 
was the method and purpose of Samanta himself. 
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Technical terms and their calculations cannot 
be explained in words alone. So a general 
mathematical and technical introduction is given at 
beginning of each chapter with bibliography or 
source reference for further study. In that light 
only, the methods proved in the chapter can be 
understood. Where-ever considered useful, 
methods have also been explained with examples, 
based on text as well as modern astronomy. 


In Sanskrit verse, some number or statement 
has been continued in many verses due to poetic 
and literal explainations. They have been clubbed 
together for translation. For brevity and simplicity, 
many parts have been given in chart form. Chapter 
23 contains only verses in praise of god. Most of 
these verses have two or more meanings. It cannot 
be expressed in other language, nor it is related 
to the main topic. It is, therefore, omitted.” 


2. Numeration 


Decimal system of writing numbers originated 
in India. Arabs called them Hindu numerals. 
Europeans learrit from Arabs and termed them 
Arabic numerals, This system uses 10 symbols 0, 
1, 2, 3, 4, 5, 6, 7, 8 and 9, each increasing by 
one. For writing greater numbers, successive 
positions towards left are'üsed, each place having 
ten times the value of position on its right side. 
Similarly, fractions are written towards right from 
the unit place after giving a point, called decimal. 
Each place has value of 1/10th of the value of its 
predecessor towards left. 


Modern computers use binary system with 
two symbols 0 and 1 only, each place value 
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increasing two times towards left. In angular and 
time measurements of Indian astronomy, continued 
till today, multiples or divisions by 60 at each step 
is used. This was used in Sumerian mathematics 
for all numbers and is called sexa-gesimai (60) 
system. 


Aryabhata, I, has given the following order 
of place values, each ten times the preceding - 

Eka (units place), Da$a (ten place), Sata 
(hundred), Sahasra (thousand), Ayuta (ten 
thousand) Niyuta (hundred thousand or lakh), 
Prayuta (ten lakhs or a million), Koti (ten millions 
or 1 crore) Arbuda (10 crores), Vrnda (100 crores) 
etc. 


Sankara Varman in his Sadratnamala (1,5-6) 
has given the following sequence in multiples of 
10 - 

Eka (1), Daáa (10), Sata (100), Sahasra (1,000), 
Ayuta (10,000), Niyuta (or lakh, 10°), Prayuta (105), 
Koti (107), Arbuda (108), Vrnda (10°), Kharva (1019), 
Nikharva (10), Mahàpadma (102), Sanku (1075), 
Varidhi (10^, Antya (1016) and Parardha (10") 

Lalita-vistara, a Buddhist text gives powers of 
10 beyond 100 koti (i.e. 10°), each increasing 100 
times the previous - 

Koti (107), ayuta (105, niyuta (101), kafikara 
(107), vivara (10), ak$obhya (10"), vivaha (107), 
utsanga (10), bahula (107), nàgabala (10%), 
titilambha (107), vyavasthànaprajnapti (10?), 
hetuhila (10), karáhu (10%), hetvindriya (10%), 
samaptalambha (10"), gananagati (10?), niravadya 
(10%), mudrabala (109), sarvabala (10%), visajfiagati 
(107), Sarvasajüà (109), vibhūtañgamā (105 
tallakéana (1055). 
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Aryabhata notation - Varga letters (k to m) 
should be written in varga places (unit place and 
hundred times at each step) and avarga letters (y 
to h) in the avarga places. Varga letters take the 
numerical values (1,2,3 ..... 25) from k onwards. 
Numerical value of the initial avarga letter y is ñ 
plus m (i.e. 5425), next letters are 40° to 90. In 
nine places of double zeros, nine vowels should 
be written (cne vowel for each pair of varga and 
avarga letters). 


Katapayadi notation was before Aryabhata and 
is believed to have been used in vedas in portions 
related to astronomy or mathematics. It was very 
popular in Kerala. Each digit is represented by a 
consonant letter. Vowels and half letters have no 
meaning. Digits are written from right to left to 
form a number. Numbers 1 to nine and the 0 are 
indicated by letters starting from k, t, p, or y, 
hence the system is called katapayadi. 


1 2 3 4 5 7 8 9 0 
k kh g gh ñ c ch ja jh n 
t th d dh p t th d dh n 
p ph b bh m 

y r l M $ $ s h l 


Sūryasiddhānta and other works including the 
present book have used words to indicate each 
digit again written from right to left. These have 
. already been indicated in the 1st volume for 
purpose of literal hindi translation, and need not 
be repeated here. 
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3. Transliteration of Sanskrit letters 


vowels 
Short H s 3 Bs d 
i u T ] 
Long em i mS U a È att 
a . i [9 e o al au 
Anusvara = m, m 
Visarga Dh 
Consonants 
RU Ww 7 4 $ 
k kh g gh ñ 
q LEE! Ef E! 
c ch | jh n 
z $ & sS wW 
t hd dh g 
q Ta "o a 
t th d dh n 
q T q ^. 0d 
p ph b bh m 
q gł ITI AA | 4 1 
y T l v $ m s hl 


4. A brief survey of Indian astronomy 


Astronomy has come. from old French word 
‘astronomie’ which in turn was derived from Latin 
'astronomia' and Greek 'astronomos' - meaning star 
law. 


‘Jyotisa’ in Sanskrit means the same - ‘Jyoti’ 
means source of light i.e.a star in a sky; study of 
star groups and motion of planete observed 
through them is jyotisa. 
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Greek astronomy had its origin in Nile river 
and Sumerian civilisation. Western astronomers try 
to establish that vedic jyotis is originated from 
Sumer and later Indian astronomy is influenced by 
Greek. But internal astronomical evidence suggests 
that text of vedanga jyotisa was written in 2976 
B.C. when summer solstice started (verse 6 tells 
that Magha month began when Sun was in mid 
A$lesa. Full moon point was 1°13’ east of mid 
maghà i.e. 8° east of Regulas at present at 150*56' 
- difference of 68°56’). However, system is much 
older, and many changes have been made from 
Taittiriya Samhita. 

Vedanga jyotisa is found in two texts - Rkveda 
has 36 verses on the topic and yajurveda has 43 
verses. Many are common, but the system is 
entirely different. Yajur jyotisa was written 624 
years after Rk jyotis according to internal evidence. 
Compiler of Rk jyotis is ‘Lagagha.’ According to 
difference in day lengths, mentioned in verse 7 
and 22, they refer to a place of 34°50’ North 
latitude. In northern borders of India, this is near 
Alma - Ata of Kyrgiz. Since it was first seat of 
learning, first school is called alma-meter is Greek. 


So far, authors have assumed that both 
versions of vedanga jyotisa denote 5 years yuga 
(or cyclic period). Accordingly text of Rk jyotisa 
had to be modified and twisted. But now Sri P.V. 
Holay of Nagpur in his Vedic Astronomy (1988) 
has proved that the original text of Rk jyotisa 
indicates a 19 year yuga - after which solar and 
lunar years start together. There are 7 extra months 
in a yuga, their adjustment is such that 5 solar 
years start within 6 days of new moon. Such 
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approximately concurrent years are called 
Samvatsara. Other types of years are Anuvatsara, 
Parivatsara, Idvatsara and Idavatsara. Thus the 
statement that a yuga has 5 samvatsaras doesn't 
mean that 5 years make a yuga as assumed so far. 
It means only that out of 19 years in a yuga, 5 
are samvatsaras. 19 years cycle was later on 
discovered by a Greek astronomer Meton in 432 
B.C. and is called Metonic cycle. However, this 
cycle was used by Sumerians and Chinese also in 
their calender much before the Greeks. It is certain 
that astronomy in the whole world had single 
system. Irrespective of origins, there was exchange 
and compilation of ideas, and same standard was 
adopted as in the modern sciences. Thus houses 
of zodiac and constellations have the same names 
in all the lahguages. There is similar correspon- 
dance in medical names of Greek origin and their 
Sanskrit names in yoga or ayurveda. 


Vedanga Jyotisa was followed by Garga 
Samhita and Paitamaha Siddhanta and jain works 
Sürya-pannati and Jyotiskarandaka with minor 
changes. This period was followed by so called 
Siddhanta period. According to traditional Indian 
belief, there were 18 such siddhàntas - (1) Sürya 
(2) Paitamaha (3) Vyasa (4) Va$istha (5) Atri (6) 
ParaSara (7) Ka$yapa (8) Narada (9) Gargya (10) 
Marici (11) Manu (12) Angira (13) Lomaáéa (or 
Romaka) (14) Pauliga (15) Cyavana (16) Yavana (17) 
Bhrgu and (18) Saunaka, Five of these siddhantas 
- Saura, Paitamaha, VaSistha, Romaka and Paulisa 
- were codified by Varahamihira in his 
Pancasiddhantika (184 B.C.) who has, emphasised 
that the Saura was most accurate of them. 
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Saura or Surya Siddhanta has no human 
authorship. Second verse of the text states that 
when short time (or 121 years in Katapayadi) was 
remaining in end of Satyuga, Sun god taught this 
to Maya asura. Yuga system of this originates from 
Visnudharmottara purana according to Brahmagup- 
ta which is modification of old -Brahma (or 
Paitamaha) siddhànta. 


In Varahamihira's Saura, a period of 180,000 
years has been stated which contains 66,389 inter 
calary months and 10,45,095 ommitted lunar days 
(tithis). Modern Sürya Siddhanta tells about a 
mahayuga (or yuga) of 43,20,000 years divided into 
Krta, Tretaà, Dvàpara and Kali ages in ratio of 4:3:2:1 
(12,000 divine years) with 1/12" period each in 
beginning and end as sandhya (twilight period). 
360 solar years are called a divine year. Paitamaha 
siddhànta is crudest and has 5 years yuga like 
yajus jyotisa. Vasistha has improvement and deals 
with true motion of 5 planets. Sidereal year has 
been stated of 365 1/4 days. 


Pauli$a siddhànta is more accurate and gives 
days counts (ahargana) and sine tables. It gives 
solar year of 365.2583 days. Al-Baruni has regarded 
Pauliéa as a Greek from Alexandria (Sachau I, 
p/153). 

Romaka gives a luni-solar cycle of 2850 years 
with 1,050 intercalary months and 16,547 omitted 
lunar days. Length of year is 365 days 5h 55'12" 
and synodic month is 29 days 12h 442.2". It deals 
with equations of centre for Sun and moon: 


_ Among present compiled texts, Aryabhatiya 
of Aryabhata I (476 A.D.) of 121 verses is the first. 
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It is a brief codification of existing knowledge after 
observatory (khagol village) near Kusumpur 
(modern Patna, capital of Bihar) was destroyed in 
Hüna attack. It is more an attempt to preserve the 
science in verse form, than to write a text book. 
For brevity, he has devised his own number 
system, as explained before. Subsequent 
astronomers made appropriate corrections and 
devised simpler methods of calculations in their 
texts. 

Jyotisa has three parts - (1) Ganita - cor- 
responding to modern astronomy and mathematical 
methods (2) Phalita - Astrology (3) Horà or Samhita 
- auspicious times, natural phenomena, signs in 
human beings and animals etc. Ganita' is written 
in three styles - (1) Siddhànta is a text for 
calculation from beginning of yuga. (2) Tantra starts 
the calculation from beginning of Kaliyuga (17/18- 
2-3102 B.C. Ujjain mid-night) (3) Karana uses short 
methods for current years ephemeris with reference 
to a recent base year. Its literal meaning and use 
is same as that of a handbook or a manual. 

A brief list of astronomers and their works is 
indicated below 

5th-6th Century - Aryabhata I (Aryabhatiya 
and Aryabhatasiddhanta, the later available only 
in quotations). 

6th Century - Prabhakara, pupil of Aryabhata, 
Varaha-mihira (Pancasiddhantika and  Brhatsa- 
mhità). 

6-7th Century - Bhàskara I (Mahabhaskariya, 
Laghubhaskariya and Aryabhatiya - bhàsya); Brah- 
magupta (Brahma-sphuta-siddhanta and Khanda- 
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khadyaka), Haridatta (Grahcara-nibandhana) 
Devacarya (Karana-ratna). 


8-9th Century - Lalla (Sisya-dhi-vrddhida- 
Tantra) Govinda - Svamin (Mahabhaskariya-bhasya) 
Safikaranarayana (Laghu-bhàskariya vivarana) 
Prthüdaka svàmin (Brahma-siddhànta vàsanà 
bhasya) and Khanda-Khadyaka vivarana. 

10th Century - VateSvara (Vate$vara- 
siddhànta) Munjala (Laghumdanasa), Sripati 
(Siddhanta-Sekhara) Aryabhata II (Mahasiddhanta), 
Bhattotpala (Khanda-Khadyaka vyakhya and 
Vrhatsamhita - vyakhya) Vijayanandin (Karana 
Tilaka). 

11th Century - Some$vara (Aryabhatiya 
Vyakhya) Satananda (Bhasvati) 

12th Century - Bhaskara II (Siddhànta 
Siromani with Vasana bhasya, Karana Kutühala), 
Mallikarjuna Suri (Sürya siddhànta Vyākhyā) 
Süryadevayajvan (Aryabhatiya Prakasika and 
Laghumanasa Vyākhyā) Candeévara (Sürya- 
' Siddhànta Bhasya). 

13th Century - Amraja (Khanda-Khadyaka- 
Vasana bhasya) 

14th Century - Makkibhatta (Ganita Bhüsana), 
Madhava of Safigamagrama (Sphuta candrapti, 
Aganitagrahacara, Venvaroha), Madanapala 
(Vasanarnava on the Surya siddhànta), Viddana 
(Varsika Tantra). 

15th Century - Parameévara (Drgganita, 
Goladipika) Grahanamandana, Grahana-nyaya- 
dipika, Aryabhatiya vyàkhyà,  Bhatdipika, 
Mahabhaskariya vyàkhyà, Laghubhaskariya 
vyakhya, Surya  siddhanta-vyakhya and 
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Mahabhaskariya bhasya vyakhya) Yallaya 
(Aryabhatiya. vyàkhyà, Jyotisa  darpana, 
Laghumánasa-kalpataru and Kalpavalli on the 
Sürya-siddhànta) Rama Krsna Aradhya (Sürya 
siddhanta Subodhini) Cakradhara (Yantra 
Cintamani) Nilakartha Somayaji (Jyotirmimansa, 
Golasara, Candracchaya ganita, Siddhanta Darpana, 
Tantra Samgraha and Aryabhatiya bhàsya). 


16th Century - Jyesthadeva (Yuktibhasya, 
Drkkarana) Safikara Variyar (Karana sara, Tantra- 
saügraha, Yukti dipika), Bhüdhara (Sürya 
siddhànta vivarana) Tamma yajvan 
(Grahanadhikara, Surya siddhànta - Kamadogdhri), 
Gane$a Daivajna (Grahalaghava, Tithi-Cintamani, 
Pratodayantra and Siddhànta Siromani-Vyakhy4), 
Acyuta Pisarati (Karanottama, Sphutanirnaya with 
vivarana, Uparagakriya - Krama, Rāśigola 
sphutaniti); Rama (Rama vinoda) 

17th Century - Visvanatha (Grahanartha 
Prakasika, Grahalaghavatika, Karanakutühala 
Udaharana) Candidasa (Karana Kutühala Tika), 
Putumana Somayaji (Karana paddhati, Pancabodha, 
Nyàyaratna) Nityananda (Siddhantaraja and 
Siddhànta sindhu) 

18th Century - Maharaja Sawai Jayasimha 
(Yantraraja racana, Jayavinodasarani), Jagannatha 
Samrata (Samrata Siddhanta) 

19th Century Sankaravarmana 
(Sadratnamala) 

For easy calculation. of pancanga, many 
astronomical tables have been prepared. These are 
called Kosthaka or Sarani. Early examples are 
Grahajfiána by Āśādhara, (epoch-20-3-1132), 
Laghukhecara siddhi by Sridhara (20-3-1316), 
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Makaranda by Makaranda (epoch 27-3-1478) Kheta- 
muktavali by Nrsimha (31-3-1566) 


(5) Astronomers of Orissa 


Orissa was part of the Indian tradition of 
Jyotisa from vaidic and siddhanta period. 
Astronomy and mathematics were related to Yajnas 
whose time was found with astronomy and 
construction was as per geometric diagrams. In 
Orissa, Brahmanic titles related to yajnas still. exist 
like - Hota; Udgata, Brahma, Pathi, Pati, Vagmi 
etc. It is quite probable that Taittirtya Samhita and 
Aranyaka, Aitareya and Gopatha Brahmana etc. 
the aranyaka granthas forming origin of astronomy 
flourished in places like western Orissa which were 
famous as aranya or mahakantara. Another indica- 
tion of rise of astronomy is the sea trade from 
Orissa coast to East Asia and upto Roman Empire. 
Due to popularity of Bali yatra, it is thought that 
sea trade of Orissa was only with Bali - a small 
island in Indonesia. However, the relations must 
have developed with other areas of South East 
Asia and Chinesé coast and intermediate islands 
of Andamàna group must have formed base for 
supply of food etc. Late Dr. N.K. Sahu in his 
history of Orissa states that silk of Sambalpur was 
known in Roman empire also. This confirms that 
ships from Orissa and other parts of India were 
going to different parts of the world. Technically, 
visit to America was also possible and traditional 
jyotisa texts mention a town 90' east of Ujjain 
(yamakoti) which should be in New Zealand 
(southern hemisphere). Hence yama is lord of south 
direction. 180' east of Ujjain in Siddhapura in 
North hemisphere. At this longitude there is a 
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town near Mexico where greatest Pyramid was built 
- Valmiki Ramayana calls it a gate built by Brahma 
to indicate end of east direction i.e. 180° East of 
Ujjain at prime meridian in Indian Astronomy 
(Kishkindha kanda). To a layman this discussion 
appears irrelevant to astronomy. However, sea 
journey (and plane journey in modern times) is 
not possible without knowledge of astronomy. 
There are no landmarks in sea or sky for finding 
the way. Hence navigation requires accurate deter- 
mination of longitude, latitude and direction. These 
three are discussed in an important chapter 
Triprasnadhikara’ of Sürya siddhanta. It is note- 
worthy that Columbus could undertake his journey 
in open sea only because method of finding 
longitude was discovered in western astronomy ten 
years before that. That was from Turkish ships 
who had learnt astronomy from India. Vice versa, 
longitude determination in remote past indicates 
that India was well versed in navigation round the 
globe. 

Transport of rice from Orissa was marked by 
Salivahana Saka in 78 A.D. - it means transport of 
rice (Sali = rice, Vahana - carriage). As a product 
of Audra (Orissa), rice was called Audriya i.e. 
Oryza in greak. This has become rice in English . 
(omitting ‘0’) and Orissa as name of the state. 
Navigation history indicates traditional study of 
astronomy in Orissa. 


Surya Siddhanta has been given by sun god, 
whose worship is most common in coastal areas 
and river ports in India and elsewhere (Japan, 
Egypt, Mexico, Peru etc.). Jyotisa study might have 
suffered during Buddhist era in Orsa. It again 
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picked up after Varahamihira in orissa like other 
parts of India. Ganga period (650 to 900 A.D.) 
records of Orissa indicate that Brahmans were well 
versed in Vedanga of which jyotisa is a part. One 
person has specifically been mentioned as 
siddhanti. Satananda was most famous of old 
astronomers of Orissa. 


Satananda - He was son-of Safikara and 
Sarasvati of Purushottampura (Puri) who completed 
his famous work Bhasvati’ in 4200 yugabda (1099 
A.D.). He has made calculations with reference to 
Puri. Full name of Bhàsvati was Parca siddhanta 
sara or Paficasiddhanta - Bhàsvati on pattern of 
Pancasiddhantika of Varahamihira. However, he 
has followed Sürya siddhànta only which is 
considered most accurate. It is a Karana grantha 
following solar year starting from Sáyana mesa 
samkranti. It was popular for its accurate calculation 
of eclipse - mA areal a= Commentaries on Bhasvati- 

(1) Safsaraprakasika by Ka$i$ekhara 

(2) Balabodhini Tika of Bhasvati in 1543 A.D. 
by Balabhadra son of Vasanta of Kau$ika gotra in 
Uma town of Jumila state. 


(3) Oriya translation by Trilocana Mohanti in’ 
Yugabda 4747. Other books of 'Satananda are - (f) 
Satananda Ratnamala - a samhità book like 
Ratnamala of “Sripati, his elder contemporary. 
(Palm leaf manuscript No 268, Orissa Museum). 
(2) Satánanda Samgraha - work on smrti. No 
manuscript is available. 


Only Bhasvati is available with Hindi com- 
mentary by Matr Prasada Pandey by 
Chaukhambha, Varanasi. 
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Other astronomers of Orissa - 


(1) Jayadhara Sarma of Kotarahanga near 
Sakhigopala (Puri) received grants from Bhanja 
kings in 1231-12? ; A.D. for his mastery on Jyotisa. 
Though he was famous, no book by him or his 
forefathers is available. 

(2) Gajapati Kapile$vara Deva (1435-1466 A.D.) 
of Cuttack who started Kapila era got another book 
written after his name called Kapila Bhasvati. But 
no manuscript is available. 


(3) Govinda Dasa of Nàgeáa gotra son of Hira 
Devi was a great astrologer. He constructed a 
dola-mardapa in sacred town of "Sri Kürma". No 
work by him is available. 


(4) Trilocana Mahànti - He translated Bhàsvati 
in Oriya verses in 4747 yugabda (1646 A D). 

(5) Gajapati Narayana Deva of Parla Khemun- 
di wrote Ayurdaya Kaumudi in 26 chapters around 
1650 A.D. 


(6) Vipra Nàmadeva - He wrote a samskrta 
commentary Sarvabodhini on Süryasiddhànta in 
1721 AD. 


(7) Dhanafijaya Ācārya - wrote a Palaka 
Pafijikà for 1665 Saka (1733 A.D.). 18 chapters of 
his Jyotisa candrodaya are available in Orissa 
museum. He wrote another work Jataka 
Candrodaya. 

(8 Maguni Pathi, son of Markandeya Pathi 
wrote an Oriya commentary Mandartha bodhini 
on Siddhanta Siromani in 1741 A.D. In 1744 A.D. 
he wrote another commentary in Oriya on 
Grahacakra of Kocanacarya. 


P 
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There is an incomplete work Jyotis Sastra by 
Markanda who may be his father. 

(9) Mahàmahopadhyàya Dayanidhi Nanda 
wrote Sigsubodhini in 1707. 

(10) Mahamahopadhyaya Chapadi Nanda 
wrote Balabodharatna Kaumudi in 1763. 

(11) Son of Srinivasa Misra wrote Jyotis tattva 
Kaumudi in 18th century. First 12 chapters are 
available. 

(12) Gadadhara Pattanaik S/o Padmanabha in 
18th century wrote Ravindu grahanam on basis of 
Kocana-carya in 18th century. 

_ . (13) Gopinatha Dasa (Patnaik) wrote Ayurdaya 
Siromani and Suddhahnika Paddhati. 

(14) Caitanya Raja Guru wrote 
Laghusiddhànta on pattern of Surya Siddhanta and 
wrote one Oriya commentary on it. 

(15) Yajfia Mishra S/o Vi$vambhara wrote 
Jyotisa Cintamani or Ratnapaücaka whose incom- 
plete manuscripts are available. 

(16) Mahidhara Mishra wrote Mahidhara 
Samhita in 18th century and a commentary on 
Amarakosa 

(17) Prajapati Dasa - (Unknown time) 
Grantha Samgraha, paficasvara and Saptafga. 

(18) Bhànusekhara Dasa (18th century) Tarani 
Prakasika , a commentary on Jàtaka Ratnákara. 

(19) DaSarathi Mishra (18th century) - Jyotisa 
Samgraha. 

(20) Krsna Misra (18th century) - NakSatra 
Cüdàmani, Kala Sarvasva. 
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(21) Tripurari Dasa - Oriya poet of 17th 
century - He wrote the following books on Kerala 
astronomy - Kerala Sutra, Keraliya dasa and Prakrta 
Kerala. 

(22) Nilakantha Praharaja and his son Yogi 
Praharaj - Their books Smrti Darpana and 
Vaidyahrdayánanda have been published by 
Madras Govt. 


(6) Samanta Candrasekhara and his role 

Brief Biodata - He was born on 11.1.1936 
(Tuesday) i.e. Pausa Krsna 7/8th 1892 Vikramabda 
(1757 $aka) For an astronomer it is proper to give 
his birth time by planetary positions which is free 
of a calendar system. 

Birth time - 09-04 IST based on Kumbha lagna 
and dasa calculation 

Birth place - Khandaparà (Puri ) 

Latitude 20°15’ North, longitude 85°6’East 
Lagna 310°40’ (Pranapada in 5th house, Navaméa 
is Makara. 

Ayanamáa 21°34’ 

Sun 268'28' Moon 172'35' 
Mars 263'26' Mercury 271'45' 
Jupiter 77°40’ Venus 292'25' 
Saturn 192'46' Rahu 34°56’ 
Uranus 306'59' Neptune 281'31' 

Balance of Moon daśā of birth - 6 months 23 
days. 


Important events of his life - He did not 
have formal university education. Even though he 
was born in a royal family, he sufferred poverty 
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and unhappy family throughout his life. He 
sufferred from chromic dyspepsia and stomach 
inflammations frequently. At the age of 22, he 
married princes Sita Devi of Angula Raj family. 
Due to his ugly looks his father-in-law showed 
reluctance to give his daughter in marriage in lagna 
mandapa. When he showed his deep knowledge 
of Sastras and mastery over Samskrta verses, his 
marriage was solemnised (possibly on 28-2-1858). 
He had 5 sons and 6 daughters, out of which two 
sons had expired. He was banished from 
Khandapada by his ruler, being his own cousin. 
But due to his knowledge, he gained wide fame 
and his rights were restored by the then commis- 
sioner of Cuttack. He was also given a ‘Sanad’ in 
honour of his achievements. His work "'Siddhànta 
Darpana" cannot be fully understood by a person 
unless he is well versed in Indian astronomy as 
well as modern mathematics. Whatever is known 
‘to common public about the book or its author is 
based on the English introduction by Prof. Jogesha 
Chandra Roy. This is based on personal interviews 
and not on a study of the book. So, many vital 
points have been left out. Samanta expired on 
11.6.1904. On the basis of*his horoscope he had 
foreseen his death; which is expressed by his son 
Gadüdhara in an Oriya verse-meaning - “father 
called me near and told that moon had entered 
his maraka nakSatra, and there was no escape from 
death”. In last but one verse of Siddhanta Darpana, 
he has expressed desire that his body should fall 
at the feet of Lord Jagannatha. On his last day, 
he went for darshana of lord. At the time of bowing 
before Jagannatha, he expired. At every place in 
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the book, he has shown his deep faith in lord and 
the scriptures. He has accepted his experimental 
observations only when they found support in 
some scripture. 

His works - Siddhànta Darpana is work of 
his whole life. At the end of every chapter two 
fold purpose of this book is explained - (1) 
Balabodha - i.e. a text book and (2) Ganita-Akéi 
Siddhi - i.e. tally of calculation and observation. 


For text book purpose, this is a treatise on 
Indian astronomy containing relevant positions of 
all text books from Sakalya Samhita to siddhanta 
books starting from Aryabhata. Quotation from 
Atharvaveda is unique in Indian astronomy; as it 
is only correct figure for sun's diamater, ‘in Indian 
astronomy or in western astronomy before advent 
of telescope about 300 years ago. It is most 
voluminous book on astronomy with 2500 verses. 
Next largest are Vate$wara Siddhànta with 1100 
verses or Siddhànta Siromani with 900 verses. 

Ganita-Ak$i Siddhi has three fold significance. 
As every other science, purpose of astronomy is 
to tally mathematical calculations with observations. 

Books starting with Aryabhata have only 
formulated or coded the existing knowledge, they 
have not indicated source of such figures. Methods 
are often in-completely explained and only refer to 
Vedic origin which is not clear. Thus purpose of 
math is only to find calculation methods for finding 
the observed position. Siddhànta books are not 
concerned about mathematical models, theories of 
gravitation or theories of motion. We are satisfied 
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when calculations give correct result and not 
bothered whether Sun or earth is centre of motion. 


Third aspect is that there is slight change in 
planetary motion over long periods of time as 
stated in Sürya siddhànta. This happens due to 
tidal friction. But siddhanta texts after Aryabhata 
have assumed constant motion throughout yuga or 
a kalpa of 1000 yugas. Due to approximation of 
constants or errors in calculation methods there is 
some deviation in observed results. In every period 
astronomers have corrected the constants given in 
Sürya Siddhanta. according to need. These are 
called Bija corrections. 


Researches of Candrashekhara : 

(1) Moon's Motion (a) Traditionally moon's 
equation was of the form - 

300'49.5," Sin (nt-a) + 2/23.25" Sin 2 (nt-c) 

2nd term is equation of apsis introduced by 
Brahmagupta. This form is correct, but constant is 
slightly wrong. 

(b) Sripati had found effect of Sun's attraction 
on moon motion (called evection). This has been 
introduced as Tungàántara correction by 
Candra$ekhara given as 

—160' cos(0 — a) Sin (D — 0) X 

Moon's apparent daily motion 

daily mean motion 

Error is about 4' only. 

(c) Bhàskara II had observed a fortnightly 
variation in moon's motion giving an error of 
maximum of 6 dandas in middle of pak&a. 
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Comparing with his own observation, Samanta 
gave the Pākśika equation as 

38'12" Sin 2 (D-6) 

where D' is moon corrected by Ist and 2nd 
equation 

(d) Due to Sun's annual motion, a digaméa 
correction also was introduced. 

1127.6" Sin (Sun's distance from apogee) 

These equations almost give the modern value 
and are to be further checked after 1000 years. 

(2) Ayanamáa - According to modern theory, 
earth's axis is rotating in a conical motion complet- 
ing almost uniform circular motion in 25,726 years. 
Samanta has assumed libration theory that the 
motion is not circular with 360" rotation but 
pendulum like oscillations within values of 27°, 
but with uniform motion. Present value of 
Ayanamáa tallies with both theories. Only after 300 
years or so error may be noticed. He has corrected 
the value of Sürya siddhànta slightly (6,40, 170 
revolutions in a kalpa, instead of 6 lakh revolutions 
according to Sürya siddhànta). Liberation theory is 
not supported by modern astronomy but it may 
be correct according to methods of projective 
geometry used in Jain Astronomy (Thesis by Sri 
S.S. Lishk). 


(3) Mandocca gati - According to classical 
mechanics, planets move in elliptical orbit whose 
major axis is fixed in space. Partly due to acti 
of other planets (mainly jupiter) and partly due to 
general theory of Relativity (1917 - Einstein), force 
of attraction reaches at speed of fight, not 
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instantaneously - mandocca (apogee) is moving 
slowly. For mercury, it was calculated to be 1* in 
11,000 years which was tested in 1919. In 300 years 
since Tycho Brahe, it is only 1/36° of an angle. 
For other planets it is so slow that it cannot be 
measured even by modern instruments. Indian 
astronomy gives 1° in 12,000 years for mercury 
and 39 revolutions of Saturn in 1 Kalpa or 1° in 
3 lakh years. ‘Cosmology’ by Naárlikara gives its 
rate of movement as 
6x GM 
L TC 

where M - mass of Sun, T - period of planet 
Samanta has introduced a new concept of Parocca 
for Mars and Saturn which moves with constant 
"circular motion around which mandocca oscillates. 
This is not supported by relativistic equation. But 
it may be probable due to effect of Jupiter between 
Mars and Saturn, which can be tested only by a 
computer calculation. Another doubt is that such 
a motion cannot be observed in one life time. Even 
Moon's equation of motion is based on 1000 years 
of observation and needs same time more to test 
it. Samanta has not mentioned the basis of his 
correction. 


n= 


(4) Discussion of other theories - Prof. J.C. 
Ray had not read Siddhanta Darpana and wrote 
introduction on basis of personal discussions. But 
Samanta has treated him as student and has 
criticised his opinious about modern physics in his 
chapters on discussions (Vasanda-rahasya). 
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(a) Jain theories have been criticised because 
they were based on projective geometry and 
become absurd according to spherical geometry. As 
a single.sphere of earth is drawn as two circular 
maps in projective geometry, two Suns and two 
Moons were assumed in Jain theories. But dimen- 
sions of imaginary mountain 'Meru' have been 
quoted on the basis of Jain theories only. 


(b) In Indian astronomy, for calculation pur- 
pose, it is immaterial whether earth in fixed or it 
moves. In both views, relative motion will be same 
giving the same result. Samanta has used modern 
physics to refute the theory that Sun is not the 
centre of motion. It is mass centre of solar system, 
which is away from Sun's surface at a distance of 
1-1/2times its radius in direction of Jupiter (effect 
of other planets can be neglected). It appears that, 
Samanta was too skeptic of European theories - 
whom he has called ‘golden theory’ as they were 
supported with hope of getting gold medal (17-160) 


(c) His other objection was that if earth moves 
on its axis; why Jupiter moves faster being the 
heaviest. This has been explained later on by 
presuming that Jupiter and Sun were twin stars. 
Due to' loss of matter, Jupiter gained in angular 
speed, to preserve the momentum. The other 
objection as to why we observe the same side of 
moon - has not been explained so far. 


(d) If stars are all like Sun and are equally 
spaced in all directions, there should be no day 
and night - every time equal light should come 
from all directions. This was called Olber’s paradox 
in modern astronomy and was explained only in 
1930 when expansion of universe was observed (It 
is mentioned in Indian scriptures also) Due to 
expansion, the farther stars have lesser effect and 
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only the Sun causes day and night. Samanta has 
correctly refuted the argument of absorption of 
light of stars by gases etc. 


(5) Diameter of Sun : Diameter of Sun had 
been heavily under estimated to be about 10 to 14 
times the diameter of moon by all astronomers in 
India and outside. After talescope it was known 
to be. 400 times. Distance of Sun being 400 times 
that of Moon, it will cause much greater difference 
in amount of solar eclipse at two places. This might 
have prompted Samanta to correct it. But he has 
referred to Brahmavidyà upanisad and Atharva 
veda (describing expansion of x) to get the value 
of 72,000 yojans (19-40,50) and (8-12). This become 
162 times diameter of Moon. 


Siddhanta Darpana has taken value of 1 yojans 
as 4.9 miles. Had. he taken it to be 11 miles 
(Aryabhata 7.5 miles, Jain theories 9.2 miles) as it 
was in vedic times, he would have got correct 
value of Sun's diameter. This shows the absolute 
faith of Candra$ekhara in ancient scriptures without 
which he never confirmed any result. To some 
extent it was justified, as seen from correct 
assessment of Sun's size in vedas compared to all 
ancient measures. 


Some of his observations may appear biased 
or excessive, but they show a marvelous grasp of 
modern physics. Some of the points were not 
properly understood by top astronomers of his time 
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MADHYAMADHIKARA 


Madhyama = mean. This portion deals with 
average or mean motion of planets. Calculation of 
mean position is done from beginning of Kalpa or 
yuga for siddhanta, from Kali beginning in a tantra 
and from epoch of this book (12-4-1869 Monday - 
Ist saura Caitra 1791 Saka) as a Karana book. 
Siddhanta Darpana explains all the three methods 
and in addition last chapter gives easy method for 
. ealculations of pancanga. There are 33 mathematical 
tables in the end for ease in calculations.. 

The book is in two halves. First half deals 
with the (ganita) methods of astronomy, 2nd half 
deals with explainations and discussions and special 
topics (Gola) 

First half of the book contains three parts 
called Adhikaras. First part is madhyamadhikara, 
with 4 chapters (called PrakaSa), Part 2 is 
Spastadhikara with 2 chapters. Part 3 is 
Triprasnadhikara with 9 chapters. 

Second half is called gola and has two parts. 
Part 4 is Goladhikara containing 6 chapters. Part 
5 is Kaladhikara containing 3 chapters. 


First chapter of part 1 is called kala varnana 
explained below. 


Chapter - 1 
MEASUREMENT OF TIME 


1. An Introduction to the Units of measurements 


Any natural science involves theories and 
experiments which verify each other. We test the 
theory by measuring certain quantities and see 
whether they are according to the theory. The 
deviations or errors cause refinement in the theory. 


As in physical sciences (particularly 
mechanics), the units of measurement in astronomy 
are of length, degree and time. Basic units in 
physics are of length, time and mass. Degree is a 
dimensionless quantity because it is ratio of length 
of arc to length of radius. 


Practical units of quantities are based on 
human experience. Length is similar to hand or 
feet: length, mass is mass of rice measured by 
spread of palms, time units is based on breathing 
time of human Beings. 


However, standardisation of length units is 
based on dimension of earth or comparison of some 
light wavelength. Similarly time units are fixed 
according to rotation periods of sun and moon or 
more accurately time taken by light to travel a 
particuler distance. We can see that in modern 
physics as well as in ancient India 'standardsation 
method was exactly the same. Units of angle also 
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are based on the number of days (about 360) in a 
year, and hence sexagesimal (divisions by 60) 
system was more convenient. 


2. Units of length 


. In British system of units, foot was the basic 
unit equal to average length of human feet. In old 
Greece and Rome; cubit (18"- one hand) and stadia 
were also based on human measurements. For 
smaller units, angula (finger width) was the basic 
unit in India (0.75" or 1.88 cm). 

In Tiloya Pannati (Jain Text), 1 angula = 8? 


Trasarenu In Anuyogadvara Sūtra ("), 1 angula = 
gid » 


In Siddhanta Jyotisa (Sripati), 1 angula = 8° 
trasarenu 

Successively smaller units of Siddhanta are 

Angula - yava - yüka - liksha - Balagra - Renu 
- Trasarenu. Balagra (hair end) is Angul+ 8* = 1/4 
x 10* cm (micron) Thus the dimensions are really 
correct has hair is 3-4 micron wide. 


According to Tiloyapannati lowest division is 
1 paramànu = 1 angula (1.88 cm) x 8? cm. = 3.5 
x, 107? cms. 

This is of the order of nuclear diameter. 


In Lalita vistara (Buddhist text), units are 
divided by 7 at each stage. According to it, 1 
paramanu = 1 angula (1.9 cm) x 7%cm = 0.66 x 
10? cm. 

This is equal to the Bohr rodius.of Hydrogen 
atom. 
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Larger units are multiples of angula or a 
'purusa' or person (about 6 ft height). It is same 
as 'fathom' used to measure depth of sea or river. 

Bigger units in Tiloyapannati are - 


6 Angula - 1 pada (foot) 


2 pada - ] vitasti (span) 

2 vitasti = 1 hasta (forearm or cubit) 
2 hasta = 1 rikku or kisku 

2 Kisku - 1 danda (staff) or dhanusa 
2,000 danda- 1 Kro$a 

4 Kroga 1 yojana 


Same units have been used by Paulish 
Siddhànta, Sripati and subsequent siddhànta texts. 
Lalita vistara, however makes 1 kosa = 1000 
dhanuáa only equal to 1/2 Jain or Siddhànta yojana. 

In the time of Napolean, attempt was made 
to link length unit ‘metre’ with dimensions of earth. 
So 1 metre was proposed to be 107 of distance 
between equator and north pole. Subsequently, it 
was learnt that it was 1 crore and 486 parts of this 
distance. Still, the standard length of platinum bar 
kept at Paris is used as metre. Nautical mile is also 
based on earth's dimension but it is not a 
decimal fraction. It is length of 1 minute of arc at 
equator (about 6080 ft. or 2 kms) 


In same way yojana has been defined to be 
an exact fraction of earth's diameter or circum- 
ference in polar circle. 


Varahamihira - Circumference 3200 yojana 
Aryabhata - Diameter = 1050 yojana 
Sürya Siddhànta - Diameter = 1600 yojana 
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Siddhanta Siromani - Circumference = 4,800 
yojana 


(This is followed by Siddhanta Darpana also) 


Thus, yojana is 5 miles according to Siddhanta 
Shiromani and 7.52 miles according to Aryabhata. 

Anuyogadvara Sütra (Jain) gives 

1 Atm yojana = 7,68,000 arigula = 9-1/11 miles 
estimated according to current measurements of 
earth. Dr. L.C. Jain opines that 1 Pramana yojana 
is 500 Atma yojana = 4,5 45.45 miles. M.B. Panta 
opines that 5 yojana (40 or 45.5 miles) was called 
Mahayojana used for measuring distances of stars. 

For example, ‘Triganku’ star is named on basis 
of its distance from earth. 

Tri-Safiku = 3 x 10? Mahayojana = 207 light 
years. This is actually the distance of that star now 
known as Beta-crucis in Southern cross constella- 
tion. 

Similarly, it is said that Agastya had crossed 
Varidhi (1014) or drunk ocean and had gone south. 
It is now known as 'Argo-Navis' star at 80°5’ south 
latitude, indicating naval journey. This star is 652 


light years away ; 10 mahayojan is about 690 light 
years. 


Prof. S.S. Dey of Calcutta has observed that 
. Egyptian names of planets mercury, venus, mars, 
jupiter and saturn give their distances from Sun 
in yojana if names are interprated in Katapayadi 
system. 

At present metre is defined as 16,50,763.73 
times the wave length of radiation of Krypton-86 
isotope for transfer of electron between 2p and 
4 d states. With accurate measurement of velocity 
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of iight, it is proposed to link time and length 
units. In fact truti (a unit of time) was also defined 
as time taken by light to travel 1 yojana. 


3. Measurement of Time 


Principle of time measurement is to choose a 
unit which is equal to the time of a periodic event 
(which repeats itself after fixed intervals). Examples 
of such events are - vibration of quartz crystal or 
metal spring, pendulum (al used in clocks), 
rotation of earth (1 day = 24 hours), synodic 
rotation of Moon (1 month) or apparent rotation 
of Sun around earth (1 year). 

Basic unit of time in jyotisa is 'asu' (meaning 
mouth) or 'pràna' (breathing) as it is approximately 
time (4 seconds) taken by a man in breathing in 
and out. Since our mental feeling of time is based 
on breathing only, units bigger than asu can be 
felt and are called ‘Murtta’ (tangible). Smaller units 
are called Amiurtta (imaginary). Astronomically, it 
is time taken by earth in its daily motion (360° in 
24 hours) to move by 1’ (=1°/60). 

‘Amurtta’ or small units - In ganita-Sara- 
Samgraha (Jaina) 1 prána has been divided into 
44466-2458/3773 Avalikas. Possible reason for such 
peculiar ratio is that a muhürtta (1/30 of a day of 
24 hours) was equal to 3773 prànas in one system 
and 1,67,77,216 avalikas in another system. .: 

A solar day is divided into 60 danda or ghatikà 
(like 24 hours). Each ghati is divided into 60 pala 
(each 24 seconds) which is again divided into 60 
vipalas. 


Thus 1 asu or prana is equal to 1/6 pala or 
10 vipalas i 
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1 asu (respiration) = 5/2 kastha 

1 kastha = 4 long syllable (gurvakSara) 

1 gurvakSara or vipala = 9/2 nimesa (twinkling 
of eye) 

1 nimesa = 100 lava 


1 lava = 100 truti (1 Truti is time taken by a 
sharp needle to pierce a soft lotus petal) 


1 Truti = 3 Trasarenu 
1 Trasarenu = 3 anu 
1 Anu = 2 paramanu 
. 1 asu (4 second) 
Dudas 10x 9 x 50 x 100 


In this time, hight will travel about 2.68 Kms 
(ua or 1/4 yojans or 1 kro$a approximately). 


1 paramaru Kala = 1/8 Truti = 5 x 107 seconds 
approx. 


Larger Units - 

10 gurvakéara or Vipala = 1 pràna 

6 prana = 1 pala or vighati 

60 vighati = 1 ghatika 

60 ghatika or danda = 1 day (24 hours) 


30 days - 1 month (approximate time from 
one full moon to the next) 


12 months - 1 year (approximate time of 
apparent rotation of Sun) 


360 years - 1 divya varsa (divine year) 
43,20,000 years = 1 yuga 

72 yugas = 1 manu 

14 Manu = 1 Kalpa (day of Brahma) Aryabhata 
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Thus in this system 1008 yugas make a kalpa. 

Süryasiddhanta gives 1000 yugas in a kalpa 
with 14 manus of 71 yugas each with 15 sandhis 
of 1 satyuga (4/10 yuga) each. 

2 kalpa = 1 ahorátra (day-night) of Brahma 

30 days of Brahma = 1 month of Brahma 

12 months of Brahma = 1 year of Brahma 

= 7,25,760 yugas (Aryabhata) 

or 7,20,000 yugas (Surya Siddhanta) 

100 years of Brahma = Life of Brahma 
(Mahakalpa or Para) 

50 years is called Pararddha = 1.5 x 10” years 

In one maháyuga there are 0.4x10" asus 

Hence 10" is called para or parardha. 


Concept of yuga - 'Yuga' of Rkveda was of 
19 years after when mutual motion of moon and 
sun repeats itself. Later on, this period was called 
metonic cycle in Greece. Yajur jyotisa gave a yuga 
of 5 years which is a simpler system of tallying 
lunar and solar years. In vedafiga jyotisa 19x8+8 
- 160 years was next bigger yuga after which 
lunisolar càlender tallies more accurately. 
Vi$vàmitra had smaller yuga of 3339 tithis = 111 
synodic months - 9 tithis. This was half of Saros 
cycle of Chaldea (223 synodic months or 18 tropical 
years and 10.5 days) after which ellipses are 
repeated. His greater yuga was of 3339 synodic 
years or 3240 sidereal years. One third of this 
period 1080 sidereal years was used in determining 
Indian Eras. This gave rise to small chaturyuga of 
4x1080 = 4320 years. One Mahayuga is 1000 times 
this unit and 1 Kalpa is 1000 mahayuga. This is 
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based on astronomical hymn of Visvamitra (RV III 
9-9) - 3339 dyus (days/ tithis/parts of sky) wor- 
shipped Agni (Sun) by revolutions in the sky. This 
concept has been used for divisions of constellation 
in vedanga jyotisa. 

Siddhànta texts have formed a Mahayuga in 
which all the seven planets Sun and Moon and 5 
faint (Tara) planets make complete revolutions. 
After a yuga they come to the same position. Thus 
a position of these planets will occur only once in 
a yuga and is most accurate method of indicating 
a time in a yuga. This is one of the purposes of 
preparing a horoscope. 


Rotation of mandocca (apogee) of planets is 
still slower and their full rotations are completed 
only after 1000 yugas or a Kalpa. Slowest is $ani 
whose mandocca makes only 39 rotations in a 
kalpa. 


It may be mentioned that a period of kalpa 
of 4 bilion years is approximately same as life of 
earth or the solar system. 2 kalpa or 1 day/night 
of Brahma is considered to be the time from when 
universe is expanding and will contract again. Life 
of Brahma 3x10" years is approximately half life 
period of proton decay, after which basic elements 
of the universe will dissolve themselves. 


4. Other examples of accurate measurements - 


Verses of Veda composed by known 
astronomers Visvamitra, Atri, Sunahéepa, 
Hiranyastüpa, Kutsa, Utathya, his son 
Dirghatamas, his son KakSivat and daughter Ghosa 
- should be read according to Katapayadi system 
for their mathematical meaning. 
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Náàsadiya and other verses of these sages 
indicate theories of creation of universe which are 
similar to modern cosmology. 

Rkveda (1-164-2) tells that the seven join the 
body in constant circular motion of earth (ratham). 
Orbit round Sun is elliptical (called Trinabhicakram) 
because elipse has 3 nàbhis (1 centre and 2 focus) 

Cakram = 2 x x= 6.283, ratha = 72 

Hence in Kroáóa units (= 2.5 miles) 

7 x Cakra x ratha = 6.283x7x72x2.5 = 7915 
miles which is diameter of earth. 

Second line indicates Sapta (7) nama (50) 
vahati (moves in orbit). If movement is taken in 1 
lava . 

muhurta 


= ^60 = 48 seconds. 


then orbital velocity of earth is 

_ 7 x 50Krosa_ 7 x 502.5 miles 

~ 1lava ^ .. 48 seconds 
miles/sec. 

Tri (3) nàbhi (40) Cakra (2x - 6.283) gives 
acceleration due to gravity if length unit is taken 
as hasta 19.8" and time as lava. For small units 
both are divided by 60. 


Vilava = 4/5 sec., 1/60 hasta = 0.33/12 ft. 


2 
0.33 5 
= CE EE =F = 2 
g = 3 xX 40 6.283 x 12 x 4 32 ft/sec 


Fourth line gives arc of an imaginary sphere 
on which moon moves. 


= 18.5 
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Yatra (21)  viéva (44), Bhuvana (44) gives 
21x44x44 = 40, 656 when unit is moon’s distance 
+ radius of earth. Dirghatamas gives a theory of 
star formation in RV (1-164-8) - Mata (steller cloud 
formed by hydrogen atoms) absorbs light 
(garbharasa) and is further excited by gravilational 
contraction (pitaram). Dhiti (69) manasa (708) gives 
diameter of hydrogen atom if we take unit of length 
60x60 times smaller than 1/60 hasta (0.33 inches) 

Dhiti X manasa 


0.33 1 
= COX s . 
Give "wx oe ee 


= 0.478 x 10? cm = radius of hydrogen atom 
when it is divided by mata pitaram (65x261), this 
gives 2.8x10 cm, the distance at which nuclear 
interaction works. Atomic radius divided by Sà (7) 
garbharasa (7243) gives 10? cm which is diameter 
of proton or electron. 

Velocity of light - SmrtiSastra tells - we salute 
with our respect to sun who traverses 2202 yojans 
in 1/2 nimisa. 

In purana - 1 nimisa = 16/75 seconds 

In Lilavati, 1 yojana = 4x8000 cubits = 9.09 
miles 

Hence velocity of light is 

9.09 Xx 2202 

8/75 

Bhāskara nimisa is 8/90 seconds, Manu's 
yojana is 4 Kroga of 4000 cubits each. Then velocity 
is 3x10? km/sec. 

5. Measurement of angles - Since apparent 
revolution of Sun around earth in a year is in 
about 360 days, a circle is divided into 360° degrees 


= 1.86 x 10? miles/sec. 
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(amSa) so that motion in one day is about 1°. Its 
average motion in 1 month (lunar node to node) 
is about 30° hence 30° is 1 rasi. Further sub 
divisions are always by 60 at each step because it 
is a simple factor of 360 and there were 6 days 
weak (sadaha) in vedas. 1 extra day was added to 
some weeks making it 7 days, this day was not 
regular weak day hence tradition of weekly holiday 
arose. Since moon's node makes 12 rounds when 
Sun makes 1 round, the clock also copies that 
motion. Minute hand makes 12 rounds when hour 
hand makes 1 round. 


Angular and time measurement both are 
divided into 60 units so that they tally with sun's 
motion. 

One rotation = 12 rasi = 360 Amá$a (degree) 

1 Amáéa = 60 Kala (minute) 

1 Kala = 60 vikala (second) 

Tatpara and paratpara are further divisions. 

Thus angular motion of sun corresponds to 
time units 

1 rasi = 1 month, 1° = 1 day 

1’ -'1 danda, 1” = 1 pala 

1 tatpara = 1 vipala etc. 


This division of angle continues throughout 
the world till day. Time units are slightly different, 
but still in divisions of 60. Actually hour is derived 
from ‘Hora’ (Ahoráàtra) i.e. two divisions of a ra$i 
(like day-night divisions of a day). Earth rotates 1 
circle i.e. 24 hours in 1 day, hence 1 hora in 1 
hour. 
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6. References to introduction 


(1) For units and dimensions any standard 
text book of physics for +2 or graduate standard 
may be referred. First chapter is on units and 
dimensions. 


(2) For vedic astronomy see P.V. Holay's book. 


(3) For other interpratation of vedas see - 
Issues in vedic Astronomy and Astrology published 
in 1992 by Rashtriya Veda Vidyà Pratishthan, New 
Delhi-2. 


(4) For details of siddhànta texts individual 
texts may be referred. Some information is com- 


piled in chapter 7 of Indian Astronomy - A source 
book. 


Translation of the text (Chapter I) 


Verses 1-9 - Maügalàcarana - Prayer to Lord 
Jagannatha and other gods. 

Verses 10-11 - Pratijüà - Scope and purpose 
of the book - It deals with only ganita jyotisa. 
Purpose is to explain difficult methods of mathe- 
matics in simple language to a common man. 

Verse 12 - Mathematical methods (Patiganita) 
has already been perfectly explained by Sri 
Bhaskaracarya in his text Lilavati . Without repeat: 
ing the same, motion of planets is discussed 
straight away. 

Verse 13 - Comparison with earlier Siddhantas 
- Some special subjects have been dealt with in 
this siddhanta, not found in earlier texts, for 
satisfaction of the learned. 


Verses 14-15-Importance of jyotisa - Veda 
guides everyone in yajña. Muhürta (auspicious 
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time), for that is known through jyotisa. If veda 
is taken in human form, Jyotisa is eyes, Vyakarana 
is mouth (grammer), Nirukta (dictionary) is ears, 
kalpa (Purana) is hands, Sikéà Sastra (reading) is 

nose, chanda (prosody) is feet. Thus jyotis is the 
part of veda through which all other parts can be 
understood. 


Comments - Many portions of vedas, Samhitas 
and all the text books explain jyotisa in similar 
words which need not be repeated. 


Verses 16-19 - About Siddhànta - Without 
mathematical astronomy, the whole jyotisa is 
ussless. Siddhànta deals with time scale from Truti 
(smallest unit) to Kalpa (biggest unit used in 
jyotisa), arithmatics (including indeterminate equa- 
tions of first and second degree), algebra, evolution 
and creation of world, orbits of earth, planets and 
stars, ecipse and conjunction of planets and 
description of various instruments like jyà, dhanu 
etc. and elements of mensuration. Among all 
$astras jyotisa is highest; in jyotisa itself, siddhànta 
is best; and in siddhànta also gola (-sphere 
including Bhügola -geography and khagola = 
astronomy) is most important. A country prospers 
due to presence of men well versed in gola. 
Otherwise, animal behaviour 'spreads. Siddhànta 
gives all the four results (Dharma, Artha, Kama 
and Mokáa). So Sürya (creator of Sürya siddhanta) 
has kept it a secret to be given only to good and 
pious prson. 

Verse 20 - First half of this text deals with 
time units, ahargana (count of days), bhagana 
(revolutions in sky), graha anayana (calculating 
planetary positions), jyà (sine) kotijya (cosine) etc. 
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. pasta Sara (actual position of planets as seen in 
the sky), tripraóna (three problems about daily 
motion). 

Second half deals with different. theories, 
creation and dissolution (srsti and laya), earth 
(geography), kakéa (orbit), yantra (instruments), 
description of countries, prayers to lord Jagannatha 
and Kautuka Pañjikā (easy preparation of almanc). 


Verse 21 - Parabrahma was in the beginning. 
It created purusa and prakrti (2), mahattatva 
(intellect-1), ahafikara (ego-1) tanmatra (elements 
5), mahabhüta (5 types of creations or beings), 5 
organs of sense, 5 organs of action, and one mind 
- a total of 25 elements. It supervises all. 


Verse 22 - Jyotisa Cakra - After creation, 
Brahma caused the sphere of ākāśa to rotate from 
east to west in a daily motion (seems as a result 
of rotation of earth on its axis from west to east) 
with respect to two dhruvas (north and south poles 
on the axis). With a slower motion, the planets 
move west to east relative to stars in nica and ucca 
circles (earth is not the centre of their or bits). 


Verses 23-30 - Kàla has two meanings - one 
is destroyer of world and the other is reckoning 
of time. Time units are of two types - Sük$ma or 
amürtta is very small unit which cannot be felt by 
senses, but calculated or measured by instruments. 


Prana is of 4 seconds, in which a person 
breathes in and out. This is the smallest sthüla or 
mürta time unit to be felt by senses. 


Divisions of time are - 1 lava = 100 truti 
30 lava =1 nimesa = 1/135 seconds 
18 nimesa = 1 kastha 
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27 nimesa = Time to pronounce long vowel 
70.2 seconds 

20 long vowels =1 prána (4 seconds) 

2 Pranas =1 Kala 

3 Kala 1 vighatika or pala (24 seconds) 

10 vighati = 1 kéana 

6 kSana = 1 ghati or danda (24 minutes) 

2 danda 1 muhürta 

30 muhürta = 1 nakSatra dina 


Note - Nàkáatra dina is the time of rotation 
of earth with respect of stars (23 hours 56 minutes) 
called sidereal day and is slightly smaller than civil 
day or solar day (between sunrise to sunrise) of 
average 24 hours. 

30 nàkéatra day = 1 nakéatra masa. 

From sunrise to next sunrise is called savana 
dina (or civil day) 

30 Savana dina = 1 savana masa 

30 tithis =:1 candramasa 

NB-1 Càndramasa is period from moon's node 
(amavasya - in same direction as sun, or Pürnimà, 
at 180° from Sun) to the same node next time. 
Tithi is 1/30th part of that period equal to the time 
in which moon gains 12? difference over sun. 

Verse 31 - Detailed description of these 
nakSatra and civil days, months etc. will be done 
m second part of the book. 

12 solar months = 1 solar year 


. Solar (Saura) year is one day of deva or asura 
(divya or Asura varsa) 


Note - 1. Sauradina is the interval of time 
during which sun moves 1° of ecliptic. In saura 
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a complete round of 360°. 


2. Krantivrtta or ecliptic is the apparent path 
of stars from east to west in plane of equator. One 
complete round is called bhagana which is divided 
into 360° am$a (degrees). Each subdivision is in 
60's as follows - 

60 viliptás, vikalas, or seconds 

= ]lipta, kala or minutes 

60 liptas = 1 am$a, Bhaga or degree 

30 arnSa = 1 rà$i or sign 

12 rasis = 1 Bhagana or revolution 

Verse 32 - When sun is moving north of 
ecliptic (for six months), it is day for devas and 
night for asuras (day in north pole and night in 
south pole). When sun is moving south of ecliptic, 
it is night for devas and day for asuras. 


360 divya or asura days = 1 divya or 
asuravarsa 


Verse 33-39 - Time scales greater than a year 


Period Divya years Solar Years 
Satya yuga 4,800 17,28,000 
Tretà yuga 3,600 12,96,000 
Dvàpara yuga 2,400 8,64,000 
Kali yuga 1,200 4,32,000 
Total - yuga 12000 43,20,000 
or Mahàyuga 


There is a sandhya, 1/12th of the yuga, 
included in each yuga at its beginning and the 
end. Total sandhyà is 1/6 of the yuga. 
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Sandhya at beginning Divya years Solar years 


or end 
Satya yuga 400 1,44,000 
Tretà yuga 300 1,08,000 
Dvapara yuga 200 72,000 
Kali yuga 100 36,000 


1 day of Brahma is called kalpa and it consists 
of 1,000 yuga. Kalpa is divided into 14 manvantaras 
of 71 yuga each. They are separated by 15 sandhyà 
periods in between and at the end, in addition to 
manu period. Each sandhya is equal to one satya 
yuga i.e. 4/10 of a yuga. 

Thus, 1 kalpa = 14 manu + 15 sandhya 
14 x 71 yuga + 15 x 4/10 yuga, 

= 994 yuga + 6 yuga = 1000 yuga 

Note - According to Aryabhata, a kalpa has 
1008 yuga divided into 14 manus of 72 yugas each. 

Verse 40-46 - Current time - At present 50 
years of Brahmà have passed. In the 51st year (of 
2nd parardha or half life of Brahma), this is the 
first day, called Svetavaraha kalpa. In this kalpa, 
six manvantaras have passed, namely - (1) 
Svayambhuva (2) Svàrocisa (3) Auttami (4) Tamasa 
(5) Raivata and (6) Caksusa 

Current manvantara is Vaivasvata in which 27 
yugas have passed. In 28th yuga, Satya yuga, Tretà 


and Dvapara have gone. First fourth part of kali 
era is continuing. 


Time from beginning of creation till beginning 
of kaliyuga in this kalpa 
Beginning sandhya ` 
6 Manvantaras = 6x71x43,20,000 


" 


17,28,000 years 
1,84,03720,000 years 
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6 sandhyas of 6 manus 6x17,28,000 = 1,03,68,000 years 
27 yugas in 7th manu 27x43,20,000 = 11,66,40,000 Years 
Satya, Treta, Dvàpara - 38,88,000 years 
Total - 1,97,29,44,000 years 

In kaliyuga, as in March 1996, 5098 years have 
passed. These are to be added to find the years 
passed since beginning of kalpa. 

Verse 47-52 - Motion of planets started at mid 
night at Lanka (a point of equator through which 
prime meridian through Ujjain passes) The day 
was named as Ravivara, Caitra Sukla pratipada. 
All the planets reach the same position at midnight 
of Brahma (after interval of 1 kalpa) 


At the end of Brahma’s day (kalpa) all planets 


vanish. Author doesn't agree with Bhaskara that 
earth remains. 


Verse 53 - Bhagana is one revolution of a 
planet starting from Aévini to Revati end as seen 
in the sky. 

Explaination - Path of revolution along Zodiac 
(apparent path of planetary movement, more 
correctly of sun - raSivrtta) covers 360° divided in 
12 rasis of 30° each. Almost the same circle is path 
of moon (inclined at 5° angle) There are 27 
nakSatras of 13°20’ each in which moon stays for 
about 1 day each. There was system of unequal 
division of nakéatras also which will be discussed 
later on. A$vini nakáatra is Ist and mesa ràá$i also 
start from 0° of zodiac. Last nakstra is Revati 

Verse 54 - Division of angular measurements 
according to previous ācāryas -. 

1 Bhagana 12 rasi, 1 ra$i = 30 Amáa 
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1 Amáéa = 60 kala, 1 kala = 60 vikalà 
1 vikala = 60 para 1 para = 


60 vipara 
Note - Para and vipara are not used by other 
texts nor in modern mathemaiics. 


Verse 55 - Prayer of Lord Jagannatha 
Verse 56 - Sri Candrasekhara has written this 
drksiddha ganita (as observed in sky) in simple 
language, so that even children can follow it. 


Units of Time and Length -written and added later 

Units of measuremenit-A physical quantity is measured by 2 components- 

A basic unit of quantity used as standard for comparison of other quantities. 

A number which is ratio of measured quantity to standard .Basic unit should be available, reproduci- 
ble, convenient to handle and easy to compare through experiments. 

How many units are sufficient-For mechanics, 3 units are sufficient-length, mass, time. All other 
units of measurement can be derived from them. In 1901, Giorgi proved that that by adding a quan- 
tity related to electric properties, all physical quantities can be measured. To show the inter-relation 
between electricity and magnetism, or to explain the property of medium (vacuum or material), an- 
other quantity is required. Thus 5 quantities are sufficient to explain all physical quantities. These 
are called 5 7anmatras in Sankhya’ philosophy. For this 5 dimensional view of world, there are 5 x 5 
= 25 elements in Sankhya. 

5 fold division of units is described by 5 Mā (=to measure) chhandas- 

Mà, pra-ma, pratima, upa-ma, sa-mà 

For same type of quantity e.g. length- 

Ma = basic unit (e.g. meter), Pra-ma = multiples (kilometer etc.), Prati-ma = sub-multiples, Upa- 
ma = Related length units (Foot, Nautical mile, light-year etc.), Sa-ma = Link with other units (with 
time through velocity of light, or with area, volume etc.) 

Inter-relation of units of same or different kinds is called asr-vaya (upama + sama) 

Various types of inter-relations are called Vaya-chhandas. In context of length, they are classified as 
-. Mà = Prihvi (earth) -Standard rod, earth or earth-like compact body-sun, solar system, galaxy. 
Prama- Antariksa = Intermediate. Regions between and beyond earth(s). 

Pratima -Space,volume. 

Asrivi Directions. 

Modern units of length-(1) Foot- Based on human foot- 

(2) Meter-It was defined in 4 ways-(i) Length of pendulum with half time-period of 1 second, (ii) 107 
part of arc length from equator to north pole, (iii) 16,50,763.73 times wavelength of Kre radiation 
between energy states of 2,10 and 545, (iv) Distance traveled by light in 29,97,92,458 part of 1 sec- 
ond. 


3) Nautical mile-1 minute arc of equator. 


5 
6) Light year-Distance traveled by light in 1 year=1016 meters approx. 


(3) 

(4) Astronomical unit (AU)-Semi-major axis of earth orbit around sun. 

(5) Persec -Distance at which AU subtends an angle of 1 second. 

(6) 

1 Persec=3.26 light years, 1 AU=1.5x1011 meters. 

Seven yojanas-(1) Nara yojana =32,000 hands-used for human possessions of land. 
(2) Bhü-yoíana—1000 or 1600 parts of earth diameter (sürya-siddhanta -8km- yo/ana) 


(3) Bha-Yojana—27 bhü-yojanas = 216 kms, used for sun distance and size of galaxy 


(4) Prakasa-yojana—Distance traveled by light in 1 /rufj2 1/33,750 seconds 
(5) Dhàma-yojana-K$ara dhàma =720 parts of equator circumference = 55.5 kms. 
Aksara dhama-Measure of space with earth as standard in exponential scale. Number of powers of 


2 is equal to akshara in chhanda. Distance d =r x 2 ©), r = radius of earth, n = unit of distance 
(6) Sun diameter as yojana for solar system in puranas. 


(7) Pramana-yojana—Starting from solar system, scale for each successive /oka in 500 times longer 


units at each step. 


Micro-units-Smaller worlds are successively 1 /akh times smaller-man (meter size), Aa/ila (cell, 1 
lakh part of meter), J/va (atom of 10€!» meter size), Kundalini (nucleus of 10-15 meter size), Jagat 
particles of 3 types (107? meter size-not defined- Chara (lepton), sthanu (Baryon), Anupurvasah (link 


-particles or meson) 


Deva-dànava (10-25 meters size)-Creation from 33 types of devas only, not from 99 types of asuras 


(danava), Created world is 1/4^ part of purusa. 3/4^ is field or dark matter. 
Pitar (proto-type, Parents)-10-?? meter size. 
Rsi (string-rass/in hindi) 10 35 meters size. 


Micro or smallest unit called paramanu by Varahamihira = 8 parts of angula = 4.5 micron. Sripati 
calls it trasarenu equal to 60 atoms. So, atom 71.2 x 10 7 cm. 


Lalita-vistara-Paramanu-raja = Angula x 7 ° = 0.6 x 10-5 cm 
Tiloya pannati—Trasarenu = Angula x 8 -9 = 1.4 x10 cm. 


Single object or Brahma is indicated by Angustha (Thumb).In Purusa-sükta, angula means 96 parts 


of human length, or earth, solar system earth, galaxy as per context. 


Measures of Solar system-Modern estimate (NASA 2002) is that Woort cloud is boundary of solar- 


system at distance of 50,000-1,00,000 AU from sun. Indian measures- 


Samvatsara is aditya (energy-field) of sun. Fields of galaxy and universe are called Varuna 
and Aryama. This is sphere of 1 light year radius with center at sun. 


1,575 crores diameter in unit of sun-diameter = 2.310 light year.(called ratha of sun). Outer 
wheel diameter is 6,000 i.e. outer boundary of Kuiper-belt. Modern estimate is about 70,000 
plutonic bodies of above 100 km size. Puranas tell 60,000 5a/akhilyas of Angustha size i.e. 
96 parts of earth diameter 2135 km approx. Sürya-síddhànta calls it Naksatra-kaksa of sun at 
60 AU. This has been called A/oka (dark) earth of 100 crore yojanas (8km). Loka (lighted) 
earth is of 50 crore yojana (8 km) diameter. This has 7 dvipa loceans of Priyavrata formed 
by motion of planets. Inner wheel of sun is of 3000 sun diameter i.e. up to Uranus orbit. Prac- 


tical or /ndra zone is of 1000 sun diameter (sahasraksa, aksa = sun or eye) up to Saturn orbit. 


Saturn being at the end of solar effect is called son of sun. 


Planetary distances in Bhuvar-/oka are in terms of earth diameter. Size of next Svar-/oka will be 
in 500 times bigger unit. Distance from sun to pole (Dhruva) is 14 lakh x 500 earth diameter 


which is distance of Woort cloud. 


Earth diameter x 299 in aksara-dhàma units. With three spherical zones inside earth as image of 
2 bigger earths, there are 33 zones. Energy (prana) of each is a deva. Signs of 33 devas are 


letters from k to h — its arrangement (nagara) is Indian scripts called Devanagarr. 


Earth/man = Solar earth/Earth.=107,called Kofi (limit). This is called Maitreya-mandala or Savitri 
(224 of earth size) in which creation occurs. Dyu (sky) of solar system is 107 times sun size. 
Earth is crore times or 24 dhamas bigger than man and is called Gayatri. Savitri x 224 = 
Sarasvati (creative field of galaxy). Sarasvatix 224 = Veda (creative field of universe or Veda- 


purusa,10 times bigger than universe).Creative aspect is Niyati. 


Measures of Galaxy-(1) Surya-siddhànta gives 1.87 x 101€ Bha-yojanas (216 km) = 1,23,000 light 


years (modern estimate 1 lakh LY) 


(2) Earth size x 246 is galaxy Its creative field is Kurma (Goloka of Brabmavaivarta purana) of 52 
dhama units i.e.24 earth size. For 49 ahargana (dhàma units) there are 49 letters in Devanagari 
script from a to h. 3 extra units of Kūma is creator, conscious being is called Ksefrajna in Gita chap- 
ter 13, so 3 letters are added at end-Ksa, fra, jña. 


(3) Circumference is 0.5 Para (10"") dhama yojanas (55.5 kms). Diameter comes to about 1 lakh LY. 


(4) Size of Kürma in Narapati-Jayacharya is hundred thousand (105) Sanku (10:3) = 1018 yojanas. As 
a purusa of Galaxy, it is 10 times bigger, so galaxy is about 1017 yojanas. In space, earth is lotus of 
1000 petals, 1 petal = 1 yojana (Aryabhata) 


(5) Galaxy is 1 crore times solar earth- Sa vtr. 
(6) This is Janah loka of 2 crore yojana radius (1 yojana = 500 x 500 sun diameter) 


Bhuvar-loka is sphere of 15 ahargana (dhàma) around earth i.e. 21? of earth size which is also called 
Varaha. Viewed from sun, it is 100 yojana ( = sun diameter ) high and 10 yojana high, up to lunar 
orbit. This covers up to 60% distance of Venus orbit. Earth’s exclusive zone extends up to 9 
ahargana i.e. 64 times earth radius. Moon is within it at 61 radius. Spiral arm of galaxy is called 
Sesa-naga. Near sun, it has 1000 sun like stars called 1000 heads of Sesa. Region of this is called 


Maharloka, whose size is given as- 
1000 times size of solar system (sahasra-sirsa purusa,1000 heads of Sesa) 
43 ahargana -earth x 24 (fristup chhanda has 44 + 2 or 43 letters in Mahesvara sutra) 


1 crore yojanas (1 yojana =500 sun diameters) 


Middle /oka between earth (bhū) and satya loka 10? times bigger, so it is 101° times earth size. 
Tapah loka is given in 4 ways- 
29^ times earth size for 64 letters in Bra/mi script. 
8 crore yojana (1 yojana =sun diameter x 500 x 500) 
(3) 864 crore light year radius -equal to day-night of Brahma. 
(4) Earth orbit/earth = 7apah /okalgalaxy 
Satya loka (1) Galaxy x 107 (or 224) 
(2) Maharloka learth = Satya loka / Mahar 
(3) 12 crore yojana (1 yojana = sun diameter x 500°) 
Time units 
Modem unit-1 second = 86,400 parts of mean solar day. 


Due to fluctuations and slowing down of earth rotation by tidal friction, new definition was adopted 
in1967-it is 9,19,26,31,770 times the period of light radiated by transition between two ground states 
of Cesium-133 atom. 


Nine Indian Time-units- 


(1)Brahma-Time period of creation from formless (avyakta) to forms is called a day of Brahma or 
Kalpa. In same period of time, creation dissolves into avyakta ( Gita 8/17 ,18). Day of Brahma 
has been defined as of 1000 yugas in Gita, puranas, Surya-siddhanta etc. Each yuga is of 
12,000 divya-years, 1 divya-year =360 solar years. Thus, 1 day of Brahma = 432 crore 


years. 


(2) Prajaptya-Prajapati started yajfa (Gita 3/10), so prajapatya period is period of galaxy from 
where creation started. Rotation period of galaxy is called Manvantara of about 31.68 crore 
years. Present stage is 7^ manvantara. This has been called 7^ day in Bible. After 4, 5^ days 
sun, moon, earth were created. So, day cannot mean here rotation of earth or even of sun. 
This is rotation of first creation galaxy. Modern estimate of period of sun revolution around 


center of galaxy is 20-25 crore years. 


(3)Divya year is of 360 solar years, arrived in 3 ways. This is approximate period of revolution of 
imaginary planet at 60 AU (or average rotation of about 60,000 B2/akhilyas at same dis- 
tance), called A/oka (dark) boundary of 100 crore yojana diameter, This has been called parn- 
varta yuga in Vayu, Matsya puranas, which is cycle of historic changes. Third view is that 
north-south motion of sun is like day-night cycle. This cycle of 1 year is 1day (divya). Taking 


round number 360 for days in a year, divya year is of 360 years. 


(4) Guru scale-In period of 60 years Saturn and Jupiter complete integral revolutions-2 and 5. 
Alternatively, Angiraeffect (upward convection due to radiation pressure takes 60 years to 


complete (A/fareya Brahmana 18/3/17, Taíttirya Brahmana, 2/2/3/5-6) 


(5) Pitar mana- Synodic revolution of moon in 29.5 days is called 1day of pitars. Varaha is 15 ahargana or 4,096 
times earth size-that is parjanya. Intermediate level is pitar, 64 times earth size called pitar. Moon orbit is 61 
times earth size. So pitars of human beings also reside on outer region of moon. Our bright half of month is 
night of p/fars and dark half is their day. 


(6) Savana máàna-Sunrise to next sunrise is sávana or civil (practical) day.1 month = 30 days, 1 year = 12 months. 


(7) Solar-Apparent revolution of sun around earth is yea r(sidereal). 1/12*^ part is 1 month (1 /2s/ = 30°. Movement). 


1 day is 1? movement. 


(8) Lunar-Synodic revolution of moon around earth is a lunar month.5 angas of pafichanga are defined from moon 
and sun— Tithi = (M-S) /12°, 1fifhi = 2 karana, yoga = (M+S) /13.3. Naksatra is average daily motion of moon. 


Vara (day) is cyclic naming of days. 


(9) Nakstra (sidereal)-Axial rotation of earth with respect to fixed stars is sidereal day of 23 hours 56 minutes. Month, 
year have 30 and 360 days. 


Micro units of time-Safapatha Brahmana (12/3/2/1,5) divides mean day length of 12 hours successively by 15 parts into 
units named as muhurtta (48 minutes), Ksjpra, etarhi, idani, prana, aktana (or, ana), nimesa, lornagartta, svedayana. lt is 
stated that stars (naksatra) in galaxy (Brahrmánda) are like its /oma-gartia (roots of skin hairs). Number of /omagartia in a 
year (Sarnvatsara) is equal to the number of stars in a galaxy, so this unit of time is called /omagartfa which is equal to 
muhürtta x 15-7 = about 80.000 parts of a second. Similarly its 15^ part is sveda@yana equal to about 11, 20,000 paris of 
a second. In this time, light travels about 270 meters. Rain drops (sveda) move (ayana) about same distance without 
breaking or joining, so this time unit is called svedayana. Estimate of number of stars in galaxy was done after 1985 
which is correctly estimated in Satapatha-Brahmana io be 1009. Logic of division by 15 is given that ratio of earth orbit 
to earth size is same as ratio of 7apah-/oka (visible universe) and galaxy, both equal to 2 (15), 


Seven Yugas-By joining two cycles of time, a yuga is formed. Munisvara in his astronomy text Siddhanta Sarvabhauma 
has stated 5 yugas- 


5 years, 5 x 12 = 60, 12 x 60 = 720, 600 x 720 =kaliyuga, kalix 10 =1 yuga. 
Like 7 yojanas, there are 7 yugas, depending on completion of various yajrias— 


(1) Sanskàra yuga—Education and other reforms projects are completed in 4 to 19 years which is a sanskára-yuga. 
(a) Gopada-yugads of 4 years like modern leap year system. Its year starts in godhuli-vela (literally cow-dust- 
time, when cows return home at sunset, dust is raised) like Hebrew or Islamic calendars. West Asia was place 
of Asuras, called Misacharas because their day started with sunset This is described in A/fareya Brahmana 
(7/13). Suppose, 1s! year starts at 6 PM on 4-1-2001.This year Ka/i will end at 12 PM on 4-1-2002 when people 
will be sleeping, So, Xa is called sleeping.2^* year dvapara will end on 5-1-2003 at 6AM, so dvápara is called 
twilight. 34 year freta will end at 12 AM on 5-1-2004, when people will be standing, so frefis called standing.4'^ 
year will end on 4-1-2005 at 6PM as there is leap year in 2004. Here year is of 365 % days. (b) 5 year yuga - 
¥ajusa jyotisa has described 5 years yuga in which lunar years match with solar year by adding 2 extra (adhika) 
months. Years are named by adding prefixes sam-, pari-, íd-, ida-, am+, to the word vatsara. (c) 12 years yuga 
is revolution period of Jupiter around sun. These are named like months of lunar year-c^arfra, valSakha, etc. (d) 


Rahu yuga-lt is called Saros cycle in Babylonian astronomy. This is relative motion of Sun and Rhu (node of 


Moon) in 18 years 10,5 days in which eclipse cycle repeats. Its half period of 3339 //fhis is also approximately 
eclipse cycle stated by Visvamitra (Rk 3/9/9). (e) 19 year yuga—This is followed in Ak-/yolisa, as explained by 
Sri Prabhakara Holay, Nagpur. In this period, lunar years match with solar year more accurately (less than 2 
hours error) by adding 7 adhika months. Years are classified into 5 types according to 5 blocks of 6 fithis in 
which a solar year starts. In 1 yuga, there are 5 years of samvaisara type. 


(2) Manusya (human) yuga -- 60 years active life of man is called Angira period in which 60 year cycle of gurv-years 
occurs. In 100 years, Sapfars/ (Ursa major, ursa =/s) moves 7 naksatra, i.e.27" part of zodiac circle. In &k- 
Jyotisa calculation, moon moves 1 /aksatra ahead in 100 years. The line joining two eastern stars moves 1 nak- 
Satra back in 100 years. This year count has been called Laukika in Rajatarangini. 1/39 of dfvya-dina or pan- 
varta yuga of 360 years is 120 years which is human life for astrological timing of events. 


(3) Panivarta yuga-This is divya-dina of 360 years in which historical changes (panvartana) occurs. 71 such yugas 
make manu-yuga of 26,000 years (precession period of earth's axis) in Brahmanda Purana (112/29/19) 


(4) Sahasra yuga-Bhagavata purana (1/1/4) states 1000 year satra of Saunaka in Naimisaranya. Compilation of Pu- 
raSas took about 200 years, but its effect on social norms lasted for thousand years. It could be revised only in 
time of Vikramaditya of Ujjain (82BC-19AD, era started in 57 BC) as per Bhavisya purana (3/3/1/2-4). During 
3000 years, seasons shifted back by 1 74 months.720 years of Munisvara is of 2 panvarla yugas. Sahasra 
(1080) years is 3 parivaría. Even Gautama Buddha planned his religion for 1000 years. Prophet Mohammed 
predicted Islam to last for 1400 years. Saptarsi yuga is of 2700 years. It is described in two ways in Bra/mánga, 
Vayu puranas. 2700 solar years are called divya years, Manusa year is 12 revolutions of moon around earth in 
327.5364 days. Saptarsi era is also stated to be of 3030 manusa years =2717 solar years. Romaka yuga of 
Pafichasiddhantika ( Varahamihira) is of 2850 years 219 year Rk-yuga x 150, 


(5) Dhruva or Krauficha yuga-This is of 9090 mdanusa years or 8100 solar years. This is exactly 3 times sapfars/ 
yuga and about 1/3" of Ayana or Manu-yuga. Position of north pole of earth makes a circle in 26000 years and 
is close to 3 stars so the period is divided into 3.On earth regions around north pole are called Krauricha-avipa, 
so it is called Krauricha yuga also. In north India, Guru years are calculated as per actual mean motion of guru 
in 361.14 days (Surya-siddhanta). In 85 solar years there are 86 guru years. In south India, solar years are 
named as guru years (Paitamaha-siddhanta). In 85 x 60 = 5100 years, both cycles are completed. On 11-2- 
4433 BC when Rama was born, the year was start of guru cycle in both systems (1st Prabhava year) as per 
Visnudharmottara purana (82/7,8). Matsya incarnation had occurred 5100 years before that in 9533 BC. He- 
rodotus gives date of sinking of last island of Atlantis in 9564 BC. This is approximately period of last glacial 


flooding. 


(6) Ayana (Precession) yuga-Earth's axis rotates around pole of ecliptic (earth orbit) in 26, 000 years. This has been 
called Manu yuga in Brahmanda purana (1/2/29/19).Glacial age on earth is due to two cycles-Precession in 
26000 years in reverse direction and advance of earth aphelion in 1 /akh years. Glacial region is around north 
pole. When it is inclined away from sun or earth is at aphelion it gets less heat. When both combine, it is Glacial 
ice age. Its cycle is in 21600 years—1/21600 = 1/26000 +1/100000 


Civil cycle is taken as middle of the two. By taking 24000 years cycle, there is positive error in12000 years and 
negative in other half (Brahma-sphufa-siddhànta, madhyamadhikara, 60, Siddhanta-siromani of Bhàskara-Il, 
Bhü-paridhi, T). Each half of 12000 years is taken as yuga of 12,000 divya years in every purana, Mahabharata, 
etc. In Mahabharata period Avasarpini (descending) period was running in which part yugas —Satya, treta, dva- 
para, kali, of 4,3,2,1,parts come in that order. Of this order, Ka/ started on17/18-2-3102 BC Ujjain mid-night. 
The other half is called Ufsarpin (ascending) in which ka//to satya yugas come. 


(7) Astronomical yuga—This is 360 times ayana yuga of 43,20,000 years in which all planets up to Saturn complete 
integral number of revolutions (E^aganopapatti in Siddhanta-Siromani of Bhàskara-M). Two other cycles depend 
on it which is not verified so far-(i) Movement of magnetic pole and magnetic reversal, (ii) Movement of geo- 
graphical pole in north south direction (/nara-Vijaya of Madhusudan Ojha) or equivalent continental-shift. 


Time has been equated to full-pot (Puma-kumbha) or volume .and parallel with 7 chhandas is shown in Kafa-sdkia of 
Atharva-veda (19/7), Brhatr-sahasra (36000) days is life period of man (A/fareya Brahmana). Understanding of these 
yugas explains puranic chronology since 62,000 BC. 


(Detail article with references is in Hindi, titled—" Ch^^anaa-Adharifa Mapa-Vijfiana” 


Chapter - 2 
REVOLUTION OF PLANETS 


Subject - This chapter deals with total 
revolutions of planets in a kalpa, adhika masa (gain 
of lunar months above 12 in a solar year), k$aya 
tithi (shortage of lunar dates from months of 30 
civil days), rotation of orbits. From that; the average 
daily motion of planets have been calculated. 


.1. Explanations - All the results given in this 
chapter are assumed and no hint is given as to 
how these numbers have been found. Obviously 
they are highly accurate and have been followed 
since time immemorial. All texts from 
Süryasiddhànta to Siddhanta Darpana have fol- 
lowed the same practice. 


It is possible that the samhita and Brahmana 
texts gave the methods and observations of 
planetary motions. The teaching of science and 
mathematics was like present day text books ‘of 
college, and not in verse form which is useful for 
memorising only. This became necessary when 
educational institutes and their books were 
destroyed due to foreign invasions. Mathematics 
in modern text book form has been found in 
Bàkhsali manuscripts of mediaval preiod (edited in 
3 vols by G.R. Kay - New Delhi-7) 


All ancient authorities have admitted that 
these results are not based on observations. Sürya 
siddhànta has stated that these were given by Sürya 
to Mayásura in Romaka town in 21, 63, 223 B.C. 
(121 years before the end of Satya yuga). To some 
extent, it is correct. Even with most modern 
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equipments, calculation of motion for billions of 
years cannot be made on observations during a 
life time only. It needs systematic observations for 
at least 500 years for studying motion in orbits, 
and at least 10,000 years and much more, if rotation 
of orbits, or change of earth's axis is to be calculated. 
Thus the result could have been otained only from 
observations through the ages, preserved by 
generations (like Vedas, it has to be ‘Apauruseya’ 
i.e. god given or beyond a human being). 


2. Origin of complete revolution numbers in 
a kalpa - There are two assumptions by ancient 
authorities - In general, it is assumed that the 
figures have been obtained on the basis of 
observations through ages. Total motion in a kalpa 
has been calculated on basis of observed rates. 


Siddhànta Darpana has followed pattern of 
Siddhànta Siromani of Bhaskara II except for some 
new improvements. Bhàskara has assumed that 
concept of yuga and kalpa has been derived from 
the observed motion of planets. The planets repeat 
their positions after every yuga (the grand year), 
as in civil year earth comes back to the same 
position round the sun. However, if we consider 
rotation of orbits; its cycle is repeated only after 
1000 yugas or a kalpa. For example, orbit of Saturn 
rotates only 39 times in a kalpa, so its motion 
cannot be perceived within a yuga. Text books of 
Tantra and karana are not concerned with such 
slow motion. 


Another presumption is that theories of 
planetary motion and constants of orbit have been 
given in vedas. We do not know the technical 
terms and method of presentation of astronomy as 
explained in samhità and Brahmana_ texts. 
Varáhamihira was probably last who" understood 
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contents of all 3 parts of jyotisa from vedas. It is 
presumed that 10,000 verses of Rkveda contain 
records of astronomical observations for 10,000 
years or yugas of 5 or 19 years. Though only 
Aryabhata I has specifically mentioned two motions 
of ‘earth, it appears that many others knew about 
movement of earth. It is clear from names Jagat 
(moving), samsàra etc. Methods of calculation 
followed by other astronomers also indicate that 
they were following some theories known in vedas 
or other texts but not specified in astronomy works. 
Whatever may be the nature of planetary motion, 
it contines to be observed against the background 
of same Zodiac of 12 rasis or 27 nak$atras, and 
from earth only. From scattered observation charts 
through the ages, theories of circular or elliptical 
orbits have originated. They cannot be observed 
directly. 


3. Circle and Ellipse 


Circumference 


Ó Centre, radius OP AB = Major axis, CD = Minor axis 
or OQ O Centre, Focus F1 and F2 
Fig. 1 A-Circle Fig. 1B-Ellipse 


Definition - Circle is path (locus) of a point 
(eircumference) which remains at fixed distance 
(radius) from a fixed point called centre. (Figure 1 
A) 
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Circle is a round figure on a paper looking 
same from all directions. Ellipse is elongated form 
of circle - stretched in two opposite directions 
(called major axis) 


Definition - Ellipse is locus of a point whose 
sum of distences from two points F, and F, (called 
focus) is constant. Thus DF;*DF; = D’F,+D’F, = 
AB (major axis). Smallest width is minor axis CD. 
AB and CD are perpendicular at their middle point 
O, called centre (Figure 1B) 


Kaplar's laws of planetary motion indicate that 
planets move in an ellipse round the Sun which 
remains at one of the focus (not at the centre). 
Newton's law of gravitation were derived from 
Keplar's laws and vice versa. 


In circular orbit (special type of ellipse where 
both focus are at same point), speed of planet will 
remain constant. In elliptical orbit, it will be fastest 
when the planet is closest to Sun (at A if sun is 
at Fi). It will be slowest when farthest from sun 
(at B). B is called Aphelion (Apex-top, helios - 
Sun) or mandocca (slow-top) or ucca in short in 
jyotisa. 

One feature of circular orbits remain the same 
in elliptical orbit also. Though the speeds vary at 
different position, the area covered by line from 
sun to the planet in unit time remains the same. 
Thus POQ area in circle or DF;U' area in ellipse, 
covered in unit time remain constant. 


4. Sighrocca and Mandocca - The relative 
motion of sun and earth remains the same, whether 
it is observed from sun or earth. In either case, it 
will be elliptical motion with same speed. Similarly, 
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moon also moves in elliptical orbit round the earth. 
The position of sun or moon where its speed is 
lowest (at highest point in orbit), is called man- 
docca. 


Orbits of other planets around sun are also 
elliptical. However, when we observe from earth, 
it is a composition of two elliptical motions - one 
is relative motion of sun around earth and the 
second is motion of planet round the sun. The 
planet in smaller orbit is called sighrocca, as the 
average motion is faster in smaller orbit. The 
highest point in slower and bigger elliptical orbit 
is called mandocca. 


In bigger orbit, a planet’s motion will appear 
slow due to two reasons. At larger distance, 
gravitational attraction of Sun is small and planet 
moves at small speed to counter the attraction by 
its centrifugal force. If speed is more, it will go 
still farther and loose speed, till it settles into a 
stable orbit. Due to larger distance the angular 
speed appears still slower. 

5.‘ Pata- Orbit of sun around earth and orbit 


K 
M SS' = major axis of 
KJ sun’s orbit 
S' AE À s" MM = Major axis of 
"Aa a ; Moon’s orbit 
b R, K = Point of inter- 
M section of two orbits 


Fig. 2 


of moon around the earth are not in the same 
plane. They are inclined at angle of about 5* (Figure 
2). 
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If sun orbit is taken as reference level, at 
point R, moon appears moving towards north or 
upwards. Moon itself is not at R, it may be at any 
point on its orbit MKM’R. R is merely an imaginary 
point of intersection and is called uttara-pata 
(ascending mode) or Rahu. 


At point K motion of the moon appears south 
wards, hence it is called dakéina-pàta (descending 
node) or ketu. 


When moon is at one of the patas on purnima 
(180° away from sun) or amavasya (same direction 
as sun), eclipse occurs. Thus Rahu and Ketu are 
said to cause eclipse. Rahu and Ketu are called 
chaya graha as they are only imaginary points. 
They have nothing to do with shadow of earth or 
moon. R and K are always in opposite direction 
from earth as seen from the diagram. They are 
moving in reverse direction to the direction of 
planetary motion. Their revolution is called 
bhagana of pata (in about 19 years). 

Similarly, pata of other planets also move. But 
their motion is so slow that it is noticed only in 
a kalpa. 


Motion of Ucca - Motion of ucca of moon is 
visible in a yuga (one revolution in about 9 years). 


Motion of other planets is very slow and can be 
noticed only in a kalpa. 


6. Change in values of bhagana - Sürya 
Siddhànta, first chapter states that motion of 
planets vary with time and hence its observation 
needs to be corrected after long lapse of time. 


It is known in modern astronomy &hat earth's 
rotation on its axis is slowing down at the rate: of 
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14 seconds per century due to tidal function. Due 
to decrease in angular momentum of earth, moon 
is moving away at the rate of 8mm every year to 
conserve the angular momentum of earth-moon 
system. Due to tidal forces of galaxy and sun and 
friction of solar atmosphere, motion of planets also 
will slow down. But its values are not known either 
in siddhànta texts or in modern astronomy. It can 
be inferred to some extent by comparison with old 
records of solar eclipse in vedas, or comparing old 
values of bhaganas with present values. 


Thus, if we calculate the average motion of 
the planets on the basis of their total motion, their 
values will differ from the real observation. Another 
reason of error will be inaccuracy and approxima- 
tion of mathematical methods and calculations. To 
correct these, various astronomers have introduced 
correction terms for their era. Candra$ekhara was 
last among them. In addition, he introduced 3 
correction terms for moon’s motion, whose error 
was noticed due to its faster motion. 


REFERENCES 
(1) For knowledge of circle and ellipse any college 
text book on plane coordinate geometry can 
be referred. For example Loney's coordinate 
geometry. 


(2) For concept of intersection of two orbital 
planes any book on solid geometry can be 
referred. Fuller discussion will be in books of 
spherical Trigonometry by Gorakha Prasada 
or by Todhunter. 
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(3) Development of planetary theories of motion 
have been excellantly explained in ‘The struc- 
ture of the Universe’ by Sri J.V. Nárlikara. 


(4) Historical discussion of zodiac and frictional 
slowing of planetary orbits is given in 'An 
intelligent Man's guide to Science' by Isaac 
Asimov. 


(5) For comparison of values of bhaganas given 
in different texts any good commentary of 
standard texts may be referred. One may read 
the histories of astronomy, referred to earlier 
in introduction. 

Translation of the text 


Verses 1-2 - Bhaganas of planets in a kalpa 
(West to east) 


Ravi, Budha, Sukra 4,32,00,00,000 
Candra 57,75,33,36,000 
Mafigala 2,29,68,71,112 
Brhaspati 36,41,55,205 
Sani 14,66,49,716 
Budha Sighrocca 17,93,69,67,141 
Sukra Sighrocca 7,02,22,57,860 
Mafigala, Brhaspati, Sani Sighrocca — 4,32,00,00,000 
Note: 1 - Sun - Ravi, Surya, Arka etc. in 
sanskrta 


Mercury - Budha; Venus - Sukra, Mars - 
Mangala, Kuja, Bhauma; Jupiter - Guru, 
Brhaspati; Saturn - Sani 
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2. Budha, Sukra are in inner orbits around 
sun, so their revolutions are same as sun as they 
appear tied with it as seen from earth. Their 
revolution is equal to number of solar years in a 
kalpa by definition (1 year corresponds to 1 
revolution of sun) 


3. Sighrocca of Brhaspati, Sani and Mafgala 
is due to earth’s orbit round the sun. Hence it is 
equal to apparent revolution of sun round the 
earth. 

Verse 3 - Mandocca Bhagana in a kalpa from 
west to east. 


Siddhànta Darpana Surya Siddhànta 


Ravi 334 387 

Candra 48,81,17,940 48,82,03,000 
Mangala 310 204 

Budha 410 368 

Guru 805 900 

Sukra 557 535 

Sani 70 39 


Note - Only source of these figures is Surya 
siddhànta. Author has not indicated source of his 
corrections. 

Verse 4 - Bhagana of pata (East to West) 


Note - Pata is calculated according to inclina- 
tion of orbit with Ecliptic. Since it is path of sun, 
there is no pata for sun. 


Planets — Bhagana in a kalpa Sürya-siddhànta 


Candra . 23,22,98,033 23,22,38,000 
Mangala 298 214 
Budha 552 488 


Guru 945 174 
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Sukra 110 903 
Sani 545 662 

Note - Source of different figures and large 
variations in figures for guru and $ukra is not 
explained. 

Verses 5-6 - NakSatra dina is the time between 
rising of any nakéatra to its next rising (equal to 
time of revolution of earth on its own axis) 

The time between rising of a planet to its 
next rising is called savana dina for that planet. 
(For example sunrise to next sunrise is savana sürya 
dina). This corresponds to rotation of earth with 
respect to that planet. 

(i) Total number of nàkéatra dina in a kalpa 
15,82,23,78,28,000 


(ii) Savana dina of a planet = NakSatra dina 
- graha bhagana 
(ii) Candra masa = Candra bhagana 
- Sürya bhagana 
Verse 7 : In a kalpa (or a Mahayuga) 
No. of adhimàsa = No. of cándramaàsa - No. 
of Sauramasa 
No. of KShaya dina (Lost days) = 30x No. of 
Candramasa - No. of savana days 


Verses 8-11 : 
No. of solar months in a kalpa 51,84,00,00,000 
No. of Cándra months " 53,43,33,36,000 
No. of adhimàsa " 1,59,33,36,000 
No. of Sauradina " 15,55,20,00,00,000 


No. of Càndra dina " 16,03,00,00,80,000 
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No. of Sürya (savana) dina " 15,77,91,78,28,000 
No. of Káaya tithi 25,08,22,52,000 
Note - No. of savana dina and k&aya tithi 
here is same.as that of Sürya siddhànta, where 
the figures given are for a mahayuga. However, 
savana days in a mahayuga are different according 
to other texts - 
Sürya siddhànta of Pafca siddhàntika -  1,57,70,17,800 


Aryabhata - 1,57,79,17,500 
Brahma sphuta siddhànta, siddhànta 

Siromani 1,57,79,16,450 
Mahàsiddhànta - 1,57,79,17,542 


Verse 12 - Definition - At any given time 
kendra of a graha (angle) - position of a planet- 
position of its ucca. 


Compared to Sighra ucca it is called Sighra 
kendra, compared to manda ucea, it is called manda 
kendra. 


Ucca and pata bhagaras are not completed in 
a yuga except for moon, so their bhaganas are 
stated for a kalpa (1,000 yugas) 


Verse 13 : Sighrocca = drak, cala, à$u, capala 
etc. 

Mandocca = Mrdu, ucca, manda etc. 
(synonyms) 

Verse 14-15 - No. of asu (pràna = 4 seconds) 
in a day- 

1 average (madhyama) nakSatradina = 21,600 
asu 

1 madhyam saura dina = 21,976 asu 

1 madhyam Candra dina = 21,320 asu 

1 madhyam savana dina = 21,659 asu 
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Sàvana dina is commonly used by people 
which is divided into 60 ghatika or danda. 


Verse 16 - Bhagana - 1 complete revolution 
= 360° amSa. Bhagana kala = bhagana x 360 x 60 

Dainika kala of a graha = graha bhagana kala 
in kalpa/savana dina in kalpa 


Time for 1 bhagana of a graha - savana days 
in kalpa/graha bhagana in kalpa 

Verses 17-18 : Like division of full circle rota- 
tion in 360° (améa) and then further sub-divisions 
by 60 in each step, learned men have divided a 
savana dina also by 60 at each step to danda and 
pala etc. One complete revolution (bhagana) of sun 
takes days 365/15/31/31/24 danda, pala etc. 


Verse 19 - Madhyama guru takes days 
361/5/27/27/13 in one rāśi at average speed. 


Verses 20-24 - Daily motion of planets is 
described in liptas (1/60 améa) and 10 furhter. 
sub-divisions in steps of 60. By multiplying this 
daily motion with no. of days (passed from 
beginning of kalpa to desired day), madhyama 
graha (position with average speed) is obtained. 


Sun (Ravi) 59-8-10-10-24-12-30-4-10-4 
Candra . 790-34-52-3-49-8-2-16-10-11 
Mafigala 31-26-30-6-47-44-32-49-3-4 
Budha Sighra 243-32-16-7-17-17-59-43-42-44 
Guru 4-59-5-37-0-36-41-17-1-51 
Sukra Sighra 96-7-37-47-57-50-39-32-31-35 
Sani 2-0-26-55-2-53-21-2-4-54 
Candra ucca 6-40-54-31-0-44-5-52-45-39 


Candra pata 3-10-47-40-40-26-11-25-13-30 
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Verse 25-26 - Kranti vrtta in sky is the 
sudar$ana cakra of Jagannatha with which he 
removes fear, produces light and destroys all in 
the end. With this prayer Sri Candra$ekhara Simha 
completes second chapter of Siddhànta Darpana 
describing bhagana of grahas. 


Chapter - 3 
MEAN PLANETS 


Scope - This chapter describes methods for 
calculating value of madhya graha (position calcu- 
lated from average motion). This coincides with 
sphutagraha (true position) twice in every bhagana 
(revolution). Since the planetary motions started 
from mandocca position; at mandocca, sphuta and 
madhyama positions should be same (for sun and 
moon). 

Verse 1 - Ahargana (count of days) - Ahargana 
for ista dina (desired day) is counting of days from 
beginning of kalpa (in siddhànta text). This is 
needed to know the graha on ista dina of any 
varsa, masa or tithi. 


Note - In tantra, ahargana is counted from 
beginning of mahàyuga (or sometimes, from the 
beginning of kaliyuga). In karana text, ahargana is 
counted from any reference year or beginning of 
current year itself for preparation of pafijika. 


Verses 2-8 - Steps in calculation of ahargana - 


1. Add the saura varsas for 6 manu, 7 manu 
sandhi (each equal to satya yuga), 27 mahayuga, 
3 padayuga and years passed in current kaliyuga. 


Note : In the present Svetavaraha kalpa, 6 
manus out of 14 have passed. In the current 7th 
vaivasvata manu, 27 yugas have passed. At 
beginning of kalpa and after each manu, a sandhi 
equal to one satya yuga exists. In current 
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mahayuga, satya, Treta and Dwapara have passed. 
Kaliyuga started on 17/18-2-3102 B.C. Ujjain mid- 
night. 

2. Deduct 1, 70, 60, 400 years 


Note According to verse 24 of 
madhyamadhikara in Surya Siddhanta, Brahma 
took this time of 47,400 divya varsa to create stars, 
planets and living beings. The present stable 
motion of planets started after that. 


3. Multiply by 12 to make it months and add 
the number of months (masa) elapsed from Caitra 
(Candra months in current year are almost equal 
to saura masa). 

4. Keep the result (no. of completed saura 
months) at two places. 

5. At first place, multiply it by no. of adhika 
masa (1,59,33,36,000) in a kalpa and then divide it 
by sauramàsa in a kalpa. Result will be adhimàsa 
related to the saura varsa. 

6. Add this to the no. of màsa from kalpa 
beginning obtained at step 3. 

7. Multiply Càndramàsa by 30 and add the 
days completed in the present month (Candra 
mása) 

8. Keep the result at two places. 

9. At one place, multiply it by kalpa tithi 
kSaya (25, 08, 22, 52, 000) and divide by number 
of kalpa tithi. Substract the result from kalpa tithi 
at the second place. Difference is number of savana 
tithis from kalpa beginning. Divide it by 7. 
Remainder will give the week day counted from 
ravivara (sunday) as 1. 
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Mathematical comments - 1. The methods are 
based on rule of 3 (Trairaéika) or ratio and 
proportion. 

Adhimása till ista dina Adhimáàsa in a kalpa 

(a) rege ee 

Sauramasa till ista dina — Sauramàsa in a kalpa 
(b) kéaya tithi till ista tithi _ kéaya tithi in a kalpa 
Tithi is a candra dina. 


gata tithi (elapsed tithi) . Total tithi in a kalpa 


2. Ratio between Càndra and saura mása, 
tithis; Saura masa + adhimàsa = Candra māsa 


Within current year, they are almost equal. 
Candra masa x 30 = Candra tithi 


. Candra tithi is almost equal to sávana dina 
in a current month 
Candra tithi - kSaya tithi = savana dina. 
Savana dina is time from sunrise till next sun rise. 
3. Kalpa had started on ravivara at midnight 
at Lanka which is at equator on 0° longitude of 
India (passing through Ujjain). 
Verses 9-13 : Errors in approximation of 
sauramasa and Cāndra tithis (as explained in 
mathematical notes above sl 2) 


Adhimása - While calculating adhimasa only 
the quotient (result) is taken and remainder is left 
out. If remainder is almost equal to divisor, or if 
an adhimàsa has passed recently (in past 1 year), 
then 1 is added to know correct adhimasa. 
However, if the remainder is almost zero or an 
adhimasa is to come soon, then 1 is to be 
substracted. 

KSaya tithi - Similarly, if in calculation of 
kSaya tithi, remainder is almost equal to divisor 
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and within a week kSaya tithi has passed, then 1 
is added to the result. (If paficami comes after 
tritiya, then caturthi is kSaya tithi upto daSami, 
if remainder is more than half the divisor, 1 is to 
be added to kSaya tithi. Thus 1 will be substracted 
from ahargana. If remainder is almost zero, 1 is 
added to ahargana. Correctness of ahargana can 
be checked with week day. 

Verse 14 - Masadhipati - Divide ahargana by 
30, multiply the result by 2, add 1 and divide by 
‘7. Remainder will indicate week days counted from 
ravivara as 1. (soma 2, mafigala 3, budha 4, guru 
5, Sukra 6, Sani 0) Ruler of this day will be 
masadhipati. 


Derivation - Each civil month is of 30 days 
(civil). Ruler of Ist day is màsádhipati. Ahargana 
divided by 30 gives the number of civil months. 
In each month of 30 days; 4 weeks are completed 
(4x7=28 days) and 2 days remain. Hence for each 
month; 2 remainder days are taken. 1 is added 
because the first day of kalpa was ravivara, Ist. 
day. 

Verse 15 - Divide ahargana by 30. Remainder 
is the days gone (gata dina) in current month. 
Gata dina substracted from 30 gives bhogya 
(remaining days) dina of the month. 

Derivation is obvious from earlier verse. 

Verse 16 - Divide ahargana by 360, Multiply 
result by 3 and add 1. Divide the result by 7 
Remainder indicates week days starting from ravi 
as 1, which is the varsapati. The remainder left 
after division of ahargana is bhukta dina (past days) 
of current year. 
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Comments : (1)  Masasidhipati and 
varsadhipati are used only for calculating kala bala 
in horoscopes, or in mundane astrology for 
forcasting events of the year. It has no importance 
in ganita jyotisa. 

(2) Each civil year is of 360 civil days. Hence 
the quotient after division by 360 into ahargana, 
is number of completed civil years. Remainder will 
be past days of the current year. 


(3) In 1 year of 360 days, 360+ 7 = 51 weeks 
and 3 extra days remain. Hence each completed 
year gives 3 days for count of week days, Next 
day will be first day of current year, hence 1 is 
added to find varsadhipati. 


Verse 17-20 - Lord of first day of màsa (month) 
is masadhipati, and lord of first day of varsa is 
varsádhipati. 

Satananda (author of Bhasvati karana) and his 
followers have different opinion. Lord of the day 
on which mesa samkranti falls is the lord of the 
year (varsadhipati). To calculate the number of days 
in that year, the following rule has been given. 


Calculate the danda, pala etc. from time of 
entry of ravi in mesa samkranti to the time of 
beginning of next day. Multiply it by 4 and keep 
it in 3 places. Divide the number at third place by 
37 and add the result at second place. Divide at 
second place by 8 and add this result at first place. 
The result in danda etc. will indicate the number 
of days for which the varsapati will rule. For 
remaining days of the year, (360 - days of rule of 
varsapati) lord of day next to safkran# will rule. 
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According to this rule, no graha can rule for more 
than 271 days. 


Mathematical symbol : let T - time in danda 
etc. from entry of ravi in mesa to next sunrise. 


4T 
32 ‘+R (remainder smaller than 37) 
4T 4 T f 
8 = T +R (remainder smaller than 8) 


41-1" = D danda + p pala etc. 

D is the number of days for which varsapati 
will rule. Lord of the day after mesa Sankrànti will 
rule for 360 - D days. 

2. This appears to be a convention by 
Satánanda, hence no derivation of the rule is given. 
3. Maximum days of rule of varsapati - 

T < 60danda 


qo i Eee Leah 
C MEE ELO 
4T +47 é + 6.5 
y” Ci < E 65 c3 


D = 4 +T” < 4x60 +30 = 271 


Hence maximum days of rule from safkranti 
day is 271 days. 


Verses 21-22 - Formula for calculating graha 
for indicated day - Multiply ahargana by kalpa 
bhagana and divide by kalpa sávana dina. Result 
will be lapsed bhagana. Multiply remainder by 12 
and again divide by kalpa sàvana dina. Again 
multiply by 30, 60 and 60 and divide by kalpa 
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sávana dina to obtain arnSa (degree) kala (minutes),. 
vikalà (seconds) 


Explaination (1) By ratio and proportion 
Bhagana till ista dina _ Ahargana 


Bhagana ina kalpa  Sāvana dina in a kalpa 

(2) Fraction of bhagana are converted to rāśi 
etc. according to the scale - 

1 Bhagana = 12 ràá$i, l ráéi = 30 arhsa 

l améa = 60 kala, 1 Kata = 60 Vikala 

(3) Ist rasi is mesa starting from 0° to 30° in 
kranti vrtta (ecliptic). 0° starts from a fixed point 
marked by star groups in Indian astronomy. In 
western system, 0° is marked by point of intersec- 
tion of equator with ecliptic plane, where: motion 
of sun appears northwards. Difference between the 
two initial points is called ayanaméa. Axis of earth 
rotates one round in 25,762 years. In Indian system 
also calculation of day length, lagna etc. are done 
from this ayanam$a sayana point. | 


(4) 12 rasi§ are 1. mesa 2. *rsa. 3. mithuna, 
4. karka, 5. simha, 6 kanya, 7. tut&, 8. vrécika, 9. 
dhanu, 10. makara 11. kumbha, and 14. mina. 

Verse 23 - (Quoted from Sürya Siddhánta) - 
Same method is used for calculation of Sighrocca, 
mandocca and pata for ista dina. However, for 
pata, the result will be deducted from 12 rāśi, 
because movement of pàta is in opposite direction 
of graha. 


Note - When it is unnecessary to explain in 
more detail, the author has just referred to 
quotation from previous authorities - mainly surya 
sidhanta or siddhànta siromani. Sometimes quota- 
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tions have been given for comparison or contradic- 
tion on important points. 


Verses 24-25 - Calculation of guru varsa - 
calculate bhagana of guru as before and add 3 
(bhaganas) Multiply the sum by 12 and add their 
rasis lapsed and add 2 again. Divide this sum by 
60 and add 1 to the remainder which indicates 
guru varsa counted from Prabhava etc. 


Notes: (1) Secret of guru varsa Kas been 
explained in chapter 21 of this book. 


(2) Guru takes about 12 years to move around 
sun and about 1 year to cover 1 ra$i. Hence guru 
varsa (time in a rasi with medium speed) is similar 
to saura varsa (time of 12 raSis or complete 
bhagana) Guru varsa is called samvatsara of 
361.02672 savana days which is smaller by 4.23203 
days from saura varsa and bigger by 1.02672 days 
from savana varsa of 360 days. 


(3) 60 years are needed to complete 5 
revolutions of guru and 2 revolutions of Sani. Thus 
a cyde of 60 years has been adopted for samvatsara 
of guru. This is the active life period of a man. 


(4) Guru varsa are listed in verses 32-46. 
Varahamihira in Vrhatsamhita has assumed the 
beginning of samvatsara*cakra from 35th samvatsara 
Prabhava, instead of the first vijaya. However, the 
calculation method given here will start guru, 
samvatsava from the 13th 'vikrama', for start of 
first rà$i. Thus one complete round of 12 rāśis in 
12 samvatsaras is considered complete at beginning 
of guru motion. This is only a convention. Same 
result could have been obtained by calculating rāśi 
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of madhyama guru and count the samvatsara from 
13th. 

(5) Symbolic formula 

(a) Madhya guru = B bhagana + R rasi + A 
amsa etc. . 

(b) Total samvatsara = (B+3)x12+R+2 = S 

(c) S/60 = str (remainder 0 to 59) 


(d) r+1 is 1 to 60 samvatsara counted from 
prabhava. 


(6) Samvatsara for Ist rasi-completed R=0, B-O 


n = (r+1) counted from 35th samvatsara 
S  (B-3x12-R«43, 


=r+35 = z5 60 + 35 
_ 12B * R * 38 4 35 38 +35 _ 13 ind 
Pes ga =, a = remainder 


Verse 26 - Elapsed part of guru varsa - (Omit 
bhagana and raéi from madhyama guru). Multiply 
améa by 12 and add its 1/330 part which indicates 
elapsed days of samvatsara. (gata dina). (Deduct 
it from 361.02672 to find remaining days i.e. bhogya 
dina) 

Explaination - 30° of rāśi - 361.027 days 

361.027 1.02 l 


7 
1° = 30 -—12— 30 days . 


1' 12 a peur E 
x + = | 330 | 2PPrOx- 


Verse 27 - If in a Candra varsa, madhyama 
guru does not move to different rāśi, it is called 
adhivatsara. (Guru varsa is 7 days bigger then 
Candra varsa and it may not complete 1 rasi in 
that period. , 
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Verse 28 : If with sphuta gati guru crosses 
two rà$is in a saura varta, then it is calied lupta 
varsa (samvatsara) (Normally guru will touch 2 raésis 
every saura varsa which is only 4 days bigger) 
unless both years start almost at sometime within 
4 days gap. However, if its true motion is faster, 
and years start almost same time, it may touch the 
third rāśi also at end of saura varma) 


Verse 29 - If in a saura varsa, guru in its 
sphuta motion goes to next rasi at higher speed 
(aticara, and does not return to the same rāśi, 
that year is called mahacara kala. This year is as 
bad and inauspicious as a lupta samvatsara. (In 
this year also sphuta motion is faster than 
madhyama gati, not compensated by reverse 
motion. But guru may not cross into 3rd rāśi, if 
its samvatsara does not start with saura varsa). 


Verses 30-31 : 60 Barhaspatya varsa contain 
12 Barhaspatya yuga (of 5 years each). 

Divide current number of bàrhaspatya years 
by 5, add 1 to the result. Sum is guru yuga starting 
from Acyuta etc. Within the yuga, the years are 
named according to remainder as 'sam', pari, idà, 
'anu' and 'id' vatsaras. Their adhipatis are agni, 
sürva, candra, brahmà and Siva respectively. 


Comments : This classification of vatsaras was' 
done in vedāñga jyotima. In one yuga of 19 years, 
there were five types of years. The years starting 
from Ist to 6th lunar tithi was called samvatsara. 
Years starting (solar) from next block of 6 candra 
tithis were called pari, ida, anu and id vatsaras 
respectively. In a yuga of 19 years, there were 5 
years of samvatsara type. Subseouently in yajur 
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jyotisa, a yuga was of 5 years, each of the 5 vatsaras 
occuring once. Same names have been adopted for 
bárhaspatya yugas also. 

Verses 32-46 : Names of bàrhaspatya yugas, 
varsa and good or bad years - 


Yuga (adhipatis) years Subha(s) or Agubha (A) 
1. Visnu 
(Visnu) 
1. Prabhava 
2.  Vibhava 
3. Sukla all Subha 
4. Pramada 
5.  Prajàpati 
2. Bárhaspatya 6. Angirà S 
(Brhaspati) 7. Srimukha S 
(First yuga 8. Bhànu A 
according 9. Yuva S 
to our method 10. Dhata A 
of calculation) 
3. Sakra 1l. i$vara S 
(Sakra) 12. Bahudhanya S 
13. Pramada A 
14. Vikrama A 
15. Visa S 


(Guru will cross vrsa rāśi, when vrsa sarhvatsara will 
Start). 


4. Pavakiya 16. Citrabhànu 
(vahni) 17. Subhànu 
18. Tarana all a$ubha 
19. Parthiva 
20. Vyaya 
5. Tvastra 21. Sarvajit S 


(Tvasta) 22. Sarvadhari S 
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10. 


11. 


12. 


. Ahirbudhnya 
(Ahirbudhnya) 


. Paitrka 


(Pitara) 


. Vai$va 


(Vi$vedeva) 


. Càndra 


(Nigapati) 


Aindranala 
(Indra and 
Agni) 


Agvina 
(A$vini 
kumára) 


Bhagya 
(Bhaga) 


Virodhi 


. Vikrti 


Khara 


Nandana 
Vijaya 


. Jaya 


Manmatha 
Durmukha 


Hemalambi 
Vilambi 
Vikàri 
Sarvari 
Plava 


Sokakrta 
Subhakrta 
Krodhi 
Visvavasu 
Parávasu 
Plavanga 
Kilaka 
Saumya 
Sadhàrana 
Virodha krta 
Paridhavi 
Pramathi 
Ananda 
RakSasa 
Anala 
Kapila 
Kala 
Siddhartha 
Raudra 


. Durmati 


Dundubhi 
Rudhirodgàri 
Raktaksa 


Siddhànta Darpana 


PPPV PPVU ppp 
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59. Krodhana A 
60. KSaya A 

Verse 47 - Sürya and Candra complete their 
full bhaganas in a mahàyuga or in a padayuga. 
Hence their madhyamana can be calculated even 
from ahargana for mahayuga or for any pàdayuga 
also. 

Verse 48 - Another short method of finding 
ahargana is described below. It is not a fault for 
being a repetition, as great poets like Sri Harsa 
also have adopted such practice. 

Verse 49 : Multiply years since beginning of 
creation by 12 and add completed months from 
caitra $ukla pratipadà. Keep it in two places. At 
one place multiply it by 1,00,00,000 and divide by 
32,53,55,104. Add the quotient to result in second 
place. Multiply the result by 30 and add complete 
days passed after amavasya. Keep it again at two 
places. At one place multiply it by 1,00,00,00,000 
and divide by 63,90,97,35,058. Deduct quotient 
from quantity in second place. Result will be 
ahargana from beginning of creation counted from 
midnight of Lanka. 

Derivation of Formula 

Saura varsa x 12 = saura masa 

Completed Candra masa from caitra pratipadà 
is assumed equal to saura masa. This approximation 
does not affect the result as the remainders found 


in calculation of adhimàsa or káayatithi are not 
used. 


Total saura masa x 30 = saura dina. 


Candra tithi after amāvāsyā are, similarly 
assumed equal to saura dina. 
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No of adhimasa 
Adhimisa in a kalpa 
Saura masa in a kalpa 
n" 1,59,33,36,000 o m 1,00,00,000 appx 
51,84,00,00,000 32,53,55, 104 . 
This is added to sauramasa to get candra 
masa. 


= No. of sauramàsa (s) x 


cándra masa x 30 = candra tithi 

Kaya tithis till ista day 

_ No. of sauradina M KSaya tithi in kalpa 

~ till ista day (D) Sauradina in kalpa 
25,08,22,52,000 1,00,00,00,000 


-D155520,0000,00 ^ P X §3,90,97,35,058 °P" 


prox. ; 
We keep the significant digits same, so the 


approximation is sufficient for knowing integral 
numbers of adhimāsa or káaya tithi. 


Verse 50 : For calculating aharganas from kali 
beginning, the same procedure will be followed. 
However, 4 zeros from the multipliers will be 
removed and 4 last digits of divisions (5104 and 
5058) also will be taken out. Kaliyuga started on 
Sukravara; so days will be counted from friday. 


Note : Kaliyuga - 1/10 yuga 1/10,000 kalpa. 
Hence 4 less no. of digit are required for 
approximation. Thus multiphers and divisors each 
are divided by 10,000. 

Verse 51 - Kalpa bhagana is multiplied by 
1811 and divided by 4000 to get bhagana at the 
end of dvapara. If the madhyama graha calculated 
from kaliyuga first day to ista day is added, madhya 
graha from beginning of kalpa is obtained. 


Derivation : Total yugas in a kalpa - 1,000 . 
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Total yugas upto dvàpara énd 


6 manus x 71 - 426 yuga 


7x4 14 
7 sandhyà x satyayuga = “io 7 5 yus 
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4 
Satya + Treta + dvapara = —— —— = ig yusa 


79 : 
Time in creation - zg Yusa (to be deducted) 


Hence total yuga upto dvapara end is 
CNN ee ee 

426 +27 +T tig a = 99-3 " 

Bhagana at dváàpara end Yuga at dvapara end 


1811 


Kalpa bhagana ^ Yuga in a a kalpa 


~ 4000 


Verses 52-55 : Position of graha, at kali 
beginning (midnight of 17/18 February 3102 B.C. 
at Lanka) are given below in viliptà (seconds). 


Mangala . 12,41,568 Candra mandocca 4,34,160 
Budha $ighra 1,413,724  mangala mandocca 4,56,840 
guru . 82,620 Budha mandocca  8,13,240 
Sukra Sighra 1,49,040 guru mandocca  6,01,000 ` 
Sani 11,91,024 Sukra mandocca 2,35,548 


Sürya mandocca  2,83,176 Sani mandocca 8,97,480 


Candra pata 7,14,788 guru pata 2,55,960 
Mafgala pata 1,04,328 Sukra pata 1,96,020 
Budha pata ` 1,06,271 Šani pāta 3,25,620 


At the time of writing Siddhānta Darpaņa, 
kali year 4970 end has been taken as reference year 
(karanabda). Deduct this number from the number 
Of years passed since kali. Add 12 zeros to the 
right and divide by 2,73,77,85,151. The resu!t will 
be gata dina from somavara. Ahargana will be from 
end day of sphuta mesa sankranti (year 1869 A.D.). 
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Deduction : This is calculation of savana dina 
in a solar year. 


In a kalpa of 4,32,00,00,000 solar years, no. 
of savana dina is 15,77,91,78,28,000. 


So, savana dina in ista year (D) 
15,77,91,78,28,000 


x no of years (y) 


4,32,00,00,000 
rD = y x 5779173828 _ 10? 
PEE me 4,32,000000  2,73,77,85,151 


First day of karanabda was monday. This will 
be ahargana till completion of year on meśa 
sankrànti of madhyama sürya. 


Verse 56 - Normally madhyama sürya enters 
mesa, 3 days after entry of sphuta sürya. So this 
third day after sphuta mesa sankramana, 1 
ahargana or main day of paficafiga is taken. 
Therefore, madhyama graha is to be calculated for 
previous day of madhya mesa sankranti or on 2nd 
day of entry of sphuta sürya in mesa. Then 
difference of grahagati for 1 day is to be added 
for madhyama graha of ista dina. 


‘Verse 57 - There are different practices in 
different countries. Some paficafigas take the entry 
of sphuta sürya in mesa. Many pancangas take 
caitra $ukla pratipadà as Ist day. After madhyama 
saura varsa end, karanabda (4970 kali or 12-4- 1869 
A.D.) started. Author has given madhyamanas of 
dhruva (rasi at the beginning of year), ucca, pata 
etc. That day was somavara (monday) and spasta 
sürya had just entered mesa at sunrise. 

Verse 58 - Now madhyama dhruva (mean 
constants) for graha, mandocca, Sighrocca, pata etc. 
are stated for somavara day before karanabda at 
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time of sunrise at lanka (0° meridian through ujjain 


at equator) 


Verse 59-69 - Table of Karanábda dhruva - 
(in ra$i / amSa / kala / vikalà / para) 
(For 12-4-1869, Lanka sun rise) 


Ravi 

Candra 

Mangala 

Budha Sighrocca 
Guru 

Sukra Sighrocca 
Sani 

Ravi mandocca 
Candra mandocca 
Mafigala mandocca 
Budha mandocca 
Guru mandocca 
Sukra mandocca 
Sani mandocca 


11/28/15/20/46 
0/3/20/29/53 
5/1/24/17/25 
10/18/14/9/2 
0/3/45/1/21 
11/13/41/42/12 
7/18/12/17/24 
2/18/47/54/0 
10/22/34/59/4 
4/7/1142/13 
7/16/4/10/16 
5/17/17/0/15 
2/5/39/38/29 
8/9/19/44/10 


Pata dhruva of candra are corrected for reverse 
movement (bhacakra Suddhi is substraction from 


12 rà$is) 
Candra pata (Rahu) 
Martigala pata 
Budha pata 
Guru pata 
Sukra pata 
Sani pata 
Ketu pata 


3/21/19/18/28 
0/28/51/23/4 
0/29/17/28/58 
2/11/3/15/59 
1/24/3/31/0 
3/0/13/27/24 
9/21/19/18/28 


Verse 70 : The dhruva above have been 
calculated according to proportion of kalpa 
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bhagana. Candra pata is called Rahu, 6 rāśi or 180° 
away from that is ketu pata. 


Verse 71 : Method to calculate mandocca and 
pata for past days has already been described. 
Mandocca and pata for a particular year can be ` 
calculated by this method. Multiply ista varsa by 
kalpa bhagana and divide by 2,00,000 which will 
tell the position in lipta etc. 

-— Ista varsa Ista bhagana 
Dertvaion os Kalpa varsa > Kalpa bhagana 
Kalpa bhagana 
Kalpa varsa 
Kalpa bhagana x 360 x 60 lipta 
4,32,00,00,000 
= Ista varga x Sapa erate lipta 
"a 2,00,000 

Verse 72 : Add this result to karanabda dhruva 
(deduct from pata) to get ista graha, ucca, pata 
etc. Alternatively, this can be calculated from 
annual motion (hàra) also. 

Verse 73-74 - Hara (annual motion) in lipta 
is obtained by dividing kalpa bhagara by 2,00,000. 
Multiply elapsed years after karanabda (gata varsa) 
and add to dhruva to get ucca, graha etc. 

Verse 75 - Table of pata hara - 

Ravi mandocca hara 599 Guru mandocca hàra 248 
mangala mandocca hara 645 Sukra mandocca hard 359 
Budha mandocca hara 488 Sani mandocca hàra 2857 
Mangala pata hàra 671 Budha pàta hàra 362 
Guru pata hara 1818 Sukra pata hàra 212 

Sani pata hara 367 


or Ista bhagana = Ista varsa x 


= Ista varsa x 


Verse 76 - (Normaliy all astronomers assume 
that mandocca and $ighrocca move from west to 
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east). Author says mandocca of mangala, budha 
and Sani and $ighrocca of Budha moves in both 
directions. This will be discussed while calculating 
true motion (graha sphuta) 

Verses 77-78 : While praying to lord 
Jagannátha in end, author states position of nilacala 
(Puri temple). It is 284 yojana north of equator 
on sea coast and 184 yojana east from 
Indian 0° longitude (Ujjain). 


Chapter - 4 
CALCULATION AT DIFFERENT PLACES 


Scope - In chapter 3, madhya graha etc were 
calculated for Lanka. In this chapter, calculations 
will be done for any place on earth. 


Mathematical Notes and definitions - 

(1) Trigonometrical ratios- 
Z ACB -0, ZABC is a right angle 

Then the, following ratios 
depend only on the value of 
angle 6, and not on the lengths 
of the sides of triangle. By 
definition these ratios are - 
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(2) Indian Terms - To avoid decimals, a circle 
of circumferance 21,600 units, i.e. radius of 3438 
units is taken. One unit of circumference is equal 
to 1 kala, then 21,600 kala = 360° = 1 revolution. 

We draw OA and OB, two radii 

such that ZAOB = 0 

Jyà of £0 is AC = R sin 0 

or sin 0 x 3438 kala 

AC is half of the chord AD which is like 
string of bow shaped arc ABD. Hence its name is 
Jyarddha or Jya in short. —— 

OC is kotijya =R Cos 0 = 3438 x Cos 0 

-Tangent on A, meets base OB at E.. 


AE/OA = tan 0 or AE = OA. tan @ = R tan 
0 


Hence this ratio is called tangent or tan in 
short. In sanskrta it is called spar$a jyà. OE pierces 
like arrow, hence called chedjya. OE = OA sec 0 
= R sec 0 (sec is short of secant), Complement of 
angle 0 i.e. 90°-@ is called koti of the angle. Thus 
koti jya = jya of koti, 

koti spar$a jya = spar$a of koti 

and Koti chedajya = chedajyà of koti 

In sanskrt another ratio is defined, called 
_utkrama jyà which is CB = R (1-cos 0). 

(3) Ratio of circumference to diameter is fixed 
and is called x (a greek letter, pronounced as ‘pai’) 
in modern mathematics. It is a transcendental 
number which cannot be expressed by any exact 
number. It can be expressed as non-recurring 
non-terminating decimal number to any desired 
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approximation. Values upto 1,00,000 decimal places 
have been published. Calculation was on computer 
by the formula 
x = 24tan! i + 8tan^! = + 4tan] ES 
tan!A is an angle 0 such that 0 = tan A. It 
can be expressed as an infinite convergant series 
when A is smaller than 1. 


22// and 355/113 are rough practical ap- 
proximations of x correct upto 2 and 6 places of 
decimal respectively. If paridhi is expressed in kala, 
radius is 3437 3/4 kalà approximately, which is same 
as 1 radian angle. (1 radian is an angle made by 
arc equal to radius) 

Madhava of Safigamagrama (kerala) in 13th 
century used infinite series to calculate value of x 
up to 30 places and sine table upto 9 places. Value 
of z up to 30 places have been expressed in a 
verse by him (read with katapayadi notation) - 

AA sra ngan AA afer afin: 
Sit faa aa Wet Sd TART: | 
Accordingly, 
circumference _ 
diameter 

= . ' 
3.14,15,92,65,35,89,75,43,23,84,52,64,33,83,279 --- 

(4) Yojana - Yojana is a measure of length as 
explained in the first chapter. Siddhànta darpana 
takes yojana of 1600 hasta - 24,000 feet or 7.3152 
kms approx. (if 1 hasta is taken as 18"). It takes 
diameter of earth as 1600 yojana then it is about 
4.94 miles approximately (hand will be about 19.6"). 
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(5) Longtiude, Latitude and sphuta paridhi - 
Study of sides and angles on a sphere is subject 
of spherical Trigonometry. It is called gola páda in 
jyotisa. 

To know position of a point in space by 
measuring its angle or distance from fixed point 
and lines is the basis of coordinate geometry (or 
cartesian geometry in the name of Rene de-Cartes 
of France, the originator). In a plane, two systems 
are used to indicate location of a point. 


X 
Cartesian Co-ordinates Polar Co-ordinates 
Fig. 3a Fig. 3b 

In both systems, O is the fixed point called 
origin and a line through it OX is called X axis. 
In cartesian coordinates, another line OY perpen- 
dicular to OX (in counter clock wise direction) is 
called Y axis. In cartesian coordinate location of a 
point P is indicated by its distance x from 0 along 
axis (x coordinate) and distance y in direction of 
y axis (y coordinates). Distance in the direction 
OX’ and OY’ are negative. (Figure 3 a). 


In polar coordinates, location of a point P is 
indicated by its distance r (always positive) from - 
origin O and the angle 0 made by OP with OX 
in counter clockwise direction. (r,0) indicate posi- 
tion of any point in space (Figure 3b) 

Conversion from one system to ofher is not 
difficult. ` 


£2 Siddhanta Darpana 
r=x+y x == rT cos 6 
9 = tan -1 y/x y=rsin@ 

_ For example, if Bhubaneswar be origin, then 
location of Puri can be indicated in cartesian 
coordinates as 

40 kms south (x coordinate) 
35 kms east (y coordinate) 


In polar coordinates - 53 kms away (r) in 
direction of 40° (0) from south towards east. 


Ina plane, two quantities called coordinates 
are needed to locate a point. In space, 3 quantities 
are needed - so it is called 3 dimensional space. 
In theory of relativity, time is considered fourth 
dimension. An event in world is indicated by 3 
space and 1 time coordinates. Hence world is called 
4 - dimensional space time continum. 

For example, a hill top in Puri can be specified 
by its height from mean sea level, in addition to 
two coordinates of plane. 


. Three dimensional coordinates : 


Cartesian Space Co-ordinates Spherical polar Coordinates 
Fig. 4a Fig. 4b m 

Cartesian space coordinates are measured 
along mutually perpendicular X,Y,Z axis. If a right 
hand screw is rotated from X direction to `Y 
direction, it will moye in Z direction. The distances 
of any point P frorh origin O along the three axis 
are called (x,y,z) coordinates. 
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In spherical polar coordinates, distance OP of 
P from origin is r coordinate. Angle 0 between 
plane of z axis and OP with X axis is second 
coordinate. In the plane, elevation of OP from XY 
plane (with line OQ) is called $. 0 takes values 
from 0 to 2 x or 360°. ¢ takes values from - 90° 
to + 90° or can take any value. This system is 
more useful for spherical geometry and astronomy. 


Conversion formula - 
r sin ® = Z, r cos P cos 0 = x, 
r cos ® sin 6 = y 


In astronomy, only two angle coordinates are 
-used. For places on earth, the distance from centre 
is fixed as radius of earth (r coordinate), OZ is 
line from centre to north pole. Angle @ is measured 
from prime meridian (great circle or plane passing 
through north pole and Greenwich (London)). In 
India, prime maridian was assumed through Ujjain 
as a reference. ® is the angle with equator plane 
(XY plane). In popular terms @ Coordinate is called 
longitude (- 180° to + 180° and 4 coordinates is 
called latitude (- 90)° (south) to + 90° (north). 
Positive direction of longitude is called east, and 
negative direction west). 

In astronomy, a second frame of reference is 
also used. This is fixed with refrence to stars which 
don't move. Planet's movement is observed with 
reference to stars. Zodiac or rāśi vrtta is path of 
apparent motion of stars in which coordinates 0 is 
measured from 0° to 360°. Deviation from this 
plane is called vikSapa or Sara. (-90" to 490"). 
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For calculation of eclipse etc, frequently we 
need to convert the figures from equatorial coor- 
dinates to zodiac coordintes. This is called drk 
Karma. 


Sphuta. paridhi of earth, at any point is 
circumference of circle on earth's surface parallel 
to equator (latitude) circle or simply called a parallel 
. of particular degree. 


(6) Motion of a top and earth's motion 


Spin around Spin with steady  . Spin, precession 
axis of the top precession of axis and nutation 
5a in a vertical cone 5c 
5b 
Fig.5 


A top rotating fast along its axis stands vertical 
on a rough surface due to gyroscopic stability. Its 
lower end is fixed due to friction with earth and 
it moves away from vertical position and falls due 
to gravity in the end. ; 


Spin (figure 5a) - Rotation of a top about its 
axis is called spin. When top is rotating very fast, 
its axis is vertical and its appears stationary. 


Precession (fig 5b) - Precession is conical 
motion of the axis of top. Upper point of the axis 
makes a circle about the vertical direction. 


Nutation .- When motion of top becomes 
slower, its axis falls further away from vertical and 
rises again atternatively. In steady precession, 
upper point.of the top makes a horizontal circle 
'on a sphere. In nutation it moves in a wave like 
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ath between two horizontal circles on the sphere 
as in fig. 5c- 

(7) Rotation of earth around its axis - Motion 
of earth around its axis is completed in one day 
‘and causes day and night. Due to that the sphere 
of stars in sky appears to make a daily rotation 
from east to west. This is spin motion of a top. - 


` Axis of earth is inclined at angle of about 
23-1/2° from perpendicular to the plane of ecliptic 
(i.e. plane of earth's orbit round the sun). Due to 
that the sun appears either north or south of the 
equator. During summer season in north hemi- 
sphere, it will be perpandicular to earth's surface 
at noon time at some place between equator and 
.23-1/2" north (Tropic of cancer) ; 


When the plane containing vertical to ecliptic 
and earth's axis contains sun, inclination of sun 
towards north or south is maximum. These points 
opposite to each other are called summer and 
winter solstice. In summer solstice, axis is directly 
inclined towards sun, and sun is perpendicular to 
tropic of cancer (23 1/2") 


Autumnal 
equinox Summer 


— 
Vemal equinox 


Fig. 6 
At two points on orbit, 90° away from place 
dc inclination, the axis of earth is inclined 
a ways and not towards sun. Then sun rays 
© Perpendicular on equator (i.e. on plane con- 


of 
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taining ecliptic and arth’s axis). On such points, 
day and night are equal. ‘Nakta’ means night in 
sanskrit, it is called noct in greek. Equinox means 
equal day and night. On one of equinox points, 
sun goes from south to north hemisphexe. This is 
called vernal equinox. The other point ıs called 
autumnal equinox. Northward motion of sun is 
called uttara - ayana and southward motion is 
daksinayana. Both ayanas, make one hayana, a 
complete year. 


Precession of axis - At present, earth’s axis 
towards north is directed to pole star (Dhruva 
Tara). So pole star appears to be fixed. Axis is 
moving like precession of a top in conical motion 
due to two reasons - (1) Earth is not spherical, it 
has bulge at equator due to centrifugal force of 
rotation (2) Orbit of moon is inclined to earth’s 
orbit at about 5° angle which creates unequal pull 
at different ends of bulge. To some extent, 
inclination of other planetary orbits also affects the 
axis. 


Practical effect of precession of axis is that, 
points of equinoxes move slowly westwards. If 
solar year is counted by motion relative to fixed 
stars, start of seasons shifts slowly. 1° change of 
equinox, ie. 1 day change of season occurs in 
about 72 years. One month change is in about two 
thousand years. 


In western astronomy, solar year is counted 
from equinox to equinox. Position of vernal equinox 
is taken as 0° mesa. Difference between vernal 
equinox, and static mesa 0° of Indian astronomy 
is called’ Ayanarnga. For determining day length, 
rising period of rāśis etc, position of sun from 
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cal triangle is completed. Since equinox 


moves backward (to west), ayanàrn$a is added to 
sun position. It is called sáyana sun or any other 


planet. 


1. 
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Cartesian geometry of two dimensiouns can 
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Bell. 


Results of spherical trigenometry can be found 
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Prasad. 
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of classical mechanics or foundations of 
vector/tensor analysis. Differential geometry of 
Weatherburn or by Shanti Narayan can be 
referred for space curves, surfaces and polar 
coordinates. 

Polar coordinates/transformation of axis are 
explained in classical mechanics also. 
M.Sc/Hons level text books also discuss mo- 
tion of top. The following books may be 
referred. 


Classical Mechanics - by Goldstein. 
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Principles of Mechanics - by Synge & Griffith: 
Mechanics - by Simon i 


Earth's top tike motion has been discussed h 
detail in motion of top (4 vols) by W. Sommerheld, 
& Felix Klein 


Translation of the text (Chapter 4) 


. Verse 1 - I (author) will describe in short the 

various measurements of earth. In second half of; 
the book, these will be discussed in detail. 

Verse 2 - Average diameter of earth! 
(madhyavyasa) is 1600 yojanas. Multiply this by] 
10,800 and divide by 3,438. You get the paridhi; 
(circumference) described in 3rd verse. i 

Verse 3-4 - Paridhi at centre (equator) is 
5,026/10 yojana. Jya of 90° is taken as 3438 kala.: 
Hence, sphuta bhü-paridhi is obtained by multi-: 
plying, madhya paridhi by lamba jyà of the place. 
and dividing by 3438. Otherwise, this madhya: 
paridhi can be multiplied by 12 and divided by: 
visuva karna. 


Fg. 7 
Derivation - (1) NS is line joining north and 
south pole. O is centre. The circle perpendicular 
to NS line is called sphuta bhü paridhi. Largest 
circle passes through centre 0, at point A and is 
called equator. Sphuta paridhi at point P is to be 
calculated. 
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OA = OP = radius R of earth 

Paridhi at centre is 2 z R = C M 

Latitude of place P is LPOA = 0 (Ak$amáa) 

Lamba amśa = 90° - 0 = ZPOD = ® 

For circle of sphuta paridhi at P, r = DP = 
OP sin ® 

or r=Rsin ® 


Cocumiccence =22 
p E Lamba jyà 
sCean$ s C A MR qucd 


(2) Second 
method is based on 
measurement of 
palabha explained in 
: Tripraénadhikara. On 
Visuva  samkrànti, 
sun rays are perpen- 
dicular on equator, 
i.e. paralled to OA. At | 
point P, a pole PR is 
kept vretical of 12 unit lengths. Its shadow PC on 
horizontal surface is palabhà and RC is Pala Karna 
or visuva karna. 


In Fig 8, OPR is straight line, RC I! OA or 
RPC and ODP are similar. 


= 2 x R sin ® 


Hence EC = PR QQ ViuvaKama _ 12 
ence OP ^ PD ~ R E" 
` 12R 
orr = Visuva Kam hence the result. 


Verse 5 - Lanka, Rohitaka, Avanti, KurukSetra 
etc. are on the prime meridian line (Pradhana 


mádhyandina nh which passes through both 
Inerus. * 
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Note (1) Rekha is a straight line in a plane, 
but it is arc of a great circle in a sphere (the circle, 
passing through ‘centre of sphere, which is: 
greatest). Like straight line of a plane, it is the 
shortest distance between two points, and doesn't | 
change the direction. 


(2). This verse means same as verse 62 in: 
madhyamadhikara of Sürya-siddhanta and repre- 
sents the convention of treating the longitude 
through Ujjain as reference line (0* longitude). At 
present, the meridian passing through Greenwich 
is 0° meridian. 

(3) According to historical traditions, ‘Polan- 
narua’ (meaning Paulastya nagara) in present Sri 
Lanka was the capital of Lanka. However, for 
astronomical purpose, Lanka is the imaginary point 
of intersection of longitude through Ujjain and 
equator (i.e. middle point of that line between 
south and north pole). Lanka is nearest land mass 
near the point; hence it is called Lanka (presump- 
tion) 

(4) Location of original KurukSetra is not 
‘known. If present Rohataka (a district headquarter 
in Hariyara) is taken as Rohitaka, then it is 8 pala 
east from madhya rekha. Hence, Bhaskaracarya has 
not indicated it on madhya rekhà. He says that 
this line touches regions like Kurukéetra etc. 

Verses 6-9 - DeSantara is the east west distance 
between two places with same aksamSa on sphuta 
bhi paridhi (local latitude circle perpendicular on 
polar axis or parallel to equator). 

Multiply this deSantara yojana by 60 and 
divide by spasta bhüparidhi. Alternately, multiply 
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by visuva karna in liptikas and divide by 60, 314. 
You will get deSantara in danda etc. 

All days, months and years start with mid- 
night at Lañkā ie. from midnight at places on 
madhyandina rekhà. If a place is east from rekha, 
add the deSantara (ghati ) to get the midnight time 
at that place, from which day, months will start 
at that place. If the place is west from rekha, 
desantara is to be deducted. 


‘Derivation - (1) Earth rotates with uniform 
‘speed around its axis or in the direction of 
bhüparidhi. Complete rotation of bhüparidhi takes 
60 danda or 1 day. Thus by ratio and proportio 


- 
e 


De$àntara in danda _ 60 danda 

Deśāntara in yojana ` spasta bhüparidhi 

or Deśāntara daņda = © ` 

Deśāntara yojana (east west distance) 

sphuta bhüparidhi. 

(2) Visuva Karna - Palabhà is length of the 
shadow of a vertical stick (cone or Sanku) at noon 
on a day when day and night are equal. Height 
of $anku is 12 angula. 

Viéuva karna or pala-karna is the length of 
hypotenus, i.e. distance from tip of 12 angula śañku 
to the tip of shadow. 

Palabhà or pala karna gives a measure of the 
angle of latitude (ak$amáa) as sun is vertically above 
equator on visuva day (when day and night are 
equal) i 

In Figure 9, X is a place on ak$ámáa 0^. Angle 
of sun rays at mid day will be 0° at equator, go 
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Y 
12 angula 
: Fogo  * 1 
it will be 0* at latitude 0° (Derivation 2 after verse 1 


4, Fig 8) 
ie. ZXYZ = 0 (akéamáéa) 
XY is Saüku of 12 angula (units) of length. | 
XZ is palabha and YZ is palakarna. 
Sphuta bhüparidhi = 2 z r (r = sphuta Trijya) 1 
= 2a Roos @ (R = radius of earth) 


! XY 
Bhüparidhi x YZ . 
z Bhüparidhi x 12angula 
~ Palakarna angula 
deSantara yojana x 60 

sphuta bhüparidhi 
deśāntāra yojana x 60 

-= . Bhüparidhi x 12 

.  de$àntara yojana x palakarna in lipta 

= 60314 

(As per verse 2, bhüparidhi x 12 = 5026/10 
-yojana x 12 = 60314 yojanas) 

Verses 10-11 - Some astronomers opine that | 
day starts everywhere from the sunrise at Lanka. | 
Due to that confusion, the author decides that at- 
any place the lord of vāra will be ruling from | 


H 


sunrise at that place for period of 60 dandas. i 


Verse 12 : Bala (power) of yama and yamardha ; 
is not connected to siddhànta (astronomy) it is ; 
i 


De$àntara danda = 


X palakarna 


esie att. I soi taa dei a 
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useful for phalita (astrology only). So it is not 
discussed here. 

Verse 13-14 - Bhaskaracarya (and his followers) 
assumes start of all (motion of planets, day etc.) 
from sunrise at Lanka. Thus the ahargana according 
to his theory is different from other theories. This 
separate ahargana (of Bhaskara) doesn't give 
position of planets as they are actually seen, hence 
it is not followed in this book. 

Note - Bhaskara ahargana will give correct 
position of planets for sunrise at Lañkā only. Since 
day length is different for different latitudes, 
sunrise will be at different times on same longitude 
also. But midnight will be at same time on the 
whole longitude, hence it gives correct result. 


Verse 15 - Method of finding midnight 
position of planets at ista (desired place) - Multiply 
desantara kala (in danda) of the place with dainika 
gati of graha and divide by 60. Add the result to 
the graha at Lanka at midnight if the place is west 
from Lafika. (Since earth rotates in east direction, 
midnight will be later in a place to the west and 
in the extra time, the graha will move further). 
Deduct, if the place is towards east. 


Verse 16 - Alternately, difference in grahagati 
can be obtained by multiplying dainika gati with 
degantara yojana and dividing by sphuta 
bhüparidhi. 

Note : Desantara ghati of a western place is 
the time taken by earth to reach midnight position 
for that place. Alternate method follows from 
_ methods of -findig deSantara ghati (vrse,9). 
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Verse 17-21 - Old method of finding longitude. 
- calculate the time of pürna (full) candra grahana 
(lunar eclipse) at madhya rekha (prime meridian. 
through Lanka or Ujjain). 

(Note - Exact time of Pürna grahana is the; 
time of unmilana (when moon starts emerging from ' 
shadow). 


By observation, see the actual time of Pürna ; 
grahana at your place. The difference in time is , 
deSantara kala. 


If the place is west from Ujjain, then the time | 
found by observation (drk-siddha or vedha) will! 
be less than calculated time (i.e. eclipse will be at 
same time, but corresponding local time will come' 
later at western place). For places east of Ujjain,. 
observed time will be more. 

Time difference can also be calculateed on! 
basis of spar$a (when moon starts entering the: 
shadow) or mokéa (when moon RUPEM au Sed, 
from shadow). 

To find deSantara yojana,' multiply it 
(deSantara kala) by sphuta paridhi and divide by 
60 (already explained in verse 9). | 

To calculate graha at ista time, multiply the; | 
dainika gati of graha by ista kāla and divide by' 
60. Add the result to graha at midnight at the 

place. 

Notes : (1) Time difference (in danda) from 
Lafika midnight is due to two components - (1) 
difference between midnight times at the place and! 
at Lanka (2) Time lapsed after midnight of the 
place at desired time. 
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Dainika gati of graha is movement in 60 danda 
(1 day). Hence movement in ista danda is 

Dainika gati x ista danda (kala) 

ee eg ee 


components of ista kala are added or sub- 
stracted as explained before. 

(2) Candra grahana is due to covering of moon 
by shadow of earth, both of which are at one 
place. Thus there is no parallax and it is seen 
similar from all positions. But Sürya grahana is by 
obstruction of.sun’s vision by moon (at 1/400 of 
the distance). Their relative directions are seen 
different. from different places, (called parallax), 
hence sürya grahana starts at different places at 
different times. Hence only candra grahana can be 
used for comparison of midnight times. 


(3) Terms of grahana 


. Fig. 10 
In fig 10, S is sun, E is earth and M is orbit 
of moon. C is shadow cone of earth due to rays 
from sun. 1,2,3,4 are successive positions of moon: 
l. position of moon touching the shadow - at 


spar$a kala. 


2. position of moon when it has just entered 
completely in shadow - Nimilana or sammilana 
(meaning closing of eyes) kala t 
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3. Position of moon about to emerge from; 
shadow; unmilana (opening of eyes) kala 


a 


4. position of moon when it has just emerged: 
completely from shadow - Mokáa kala 


Grahana will be discussed more completely in‘ 
chapters on candra and sürya grahana 


(4) Other methods of finding longitude - Now, 
very accurate watches are available and any event, 
can be observed with telescope more accurately. In 
observing candra grahana, there will be difference. 
of 2-3 minutes in observation by different persons. : 
Eclipse of satellites of jupiter occurs daily. It is 
observed through telescope and compared with 
time given in nautical almanc. This will give 
accurate longitude: 


Alternatively, two watches are to be tallied 
with local times of places, whose longitudes are to 
be compared. They can be tallied with sunrise ori 
preferably at midnight time. Then by telephone,, 
the local time of the two places can be compared. 
The time difference will be de$àntara kàla. Now 
T.V. and radio announce Indian standard times 
(mean time at 82°30’ east of greenwich). Local mean 
time can be found by correcting local true timei 
with time equation (fixed for particular days of 
solar year. or sun position). From that tim 
difference, difference with 82°30’ longitude can 
known. 


(5) Time can also be known accurately by 
movement of stars during night. This is particulari 
useful for sea journeys in a clear night. Since; 
method of finding longitude was known sincé 
remote past in India, long journey in sea wa 
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possible. Due to difficulty in knowing time in 
absence of watches, this method could be known 
in western astronomy only in 1480 A.D. after which 
Cobumbus could undertake his journey, in 1492 in 
pursuit of sea route to India from Spain. Finding 
latitude is easy through palabhà, discussed in more 
detail in TripraSnadhikara. 

Verses 22-24 : By above corrections for 
deSantara kala, we get the graha for nirakSodaya 
kala (sunrise time at equator at same longitude). 
Due to difference in akéamáa (north south distance) 
from Lanka, cara samskara is needed, because 
sunrise times are different for different places on 
same longitude due to aksamSa. 


From sphuta ravi (sun) kranti (true inclination 
of sun from vertical in north south direction i.e. 
inclination from vertical at noon), find cara danda 
(time in danda by which day-half is longer than 
normal day half of 15 danda). Multiply it with 
dainika gati of graha and divide by 60. If sun 
(sàyana) is in six ra$i from tula to mina, add the 
result to the position of graha. If sáàyana sun is in 
mesa to kanya, then deduct the result. For finding 
graha at the time of sun set, do the reverse process. 


Notes (1) This part (chapter 1 to 4) is 
madhyamádhikàra, dealing with mean position of 
planets. Nothing has been so far discussed, as to 
how, true (sphuta) position of planets can be 
found. Sphuta kranti of sun can be found only at 
moon time by direct observation. By comparison 
with previous days kranti, it can be calculated for 
sunrise time (3/4 of the difference of 1 day kránti 
will be added to previous noon figure, to find 
krànti at sunrise). 
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2. Mesa to kanyā - 1st six rasis are in north 


hemisphere and other six are in south (sáyana rá$is , 
to be more accurate). When sun is in southern ` 


hemisphere, days will be smaller in north hemi- 


sphere compared to night. Hence sunrise will be ' 
later and sunset earlier than equator (where day: 


night are always equal) Thus graha will move for 
more time at sunrise compared to sunrise at 
equator, difference of motion will be added. 


3. Cara is variation of day from 30 ghatika, 
caradala is half of cara. In short cara is used for 


caradala which is directly calculated. Jyà of cara: 


(angular difference in earth's rotation) is called cara 
jya. 


Fig. 11 


4. Explaination of cara - (difference in day: 
length) O is the place for which it is to be found. 
out for how long, a graha will be above horizon., 
NOS is North south line (kSitija rekhà) POP’ is the 


north south line at equator (ZPON is equal to 
akśāmśa of O). 


NPVSP' is yāmyottara vrtta, i.e. the vertical 


cirde in the plane of longitudinal circle (great circle 
passing through north pole and vertical at place 
O). 
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A planet in kranti vrtta appears to move daily 
in a vertical circle at equator in east west direction. 
Its diameter BOB’ is perpendicular to north south 
line P’O P at equator. This circle is called ahoratra 
vrtta (only diameter is seen in perpendicular*plane). 
Corresponding to point O, the planet rises in the 
east goes upto B, highest point in sky (south from 
vertical in north hemisphere) and sets in west again 
at O. Motion from O to B’ and back to O are not 
visible as these are below the horizon. Both motions 
OBO or OB’O take 12 hours each. 

CK'C' is the diameter of ahoratra vrtta (diurnal 
circle) of a planet in south hemisphere. At equator, 
it is visible for motion K'C K' for half the day i.e. 
12 hours. However, at place O, it rises only at 
point M' and is not visible for period K' to M' (in 
12 hours) which is called cara. 

Time for K'C = 30 ghati (12 hours) 

For K'M' in morning and M'K' in evening, 
sun (or a planet) will not be visible above horizon. 

Thus length of the day is 30-2 K'M' 


A MA’ is diameter of ahorátra vrtta of a planet 
in north hemisphere. 


Kranti of planet corresponding to AA’ is AB 
(north) and corresponding to CC’ it is BC (south) 
Carakàla is time corresponding to movement 
between KM or K'M' (called kśitijyā or kujya) 
Radius of ahoratra vrtta is called dyujyà ('Dyu' 
means light) 
.. Carajyà of planet is projection of kujyà on 
ViSuvavrtta BOB’. It is OR’ for north kranti and 
R for south kranti. ° 
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Angle made by carajya (length of circum- 
ference) at the centre expressed in pràna is called' 
caraprana or carakhanda. 

5. Methods of calculating carajya 

(Chapter 6-104, p-352) 


A 


12 Anguia 


c B 
Fig. 12 


AB is cone at a place with akśāmśa 0°. iq 
kept vertical on day of equinox at noon time. Sinc 


sun rays are perpendicular to equator or that day 
it will make angle 0° with AB. 


BC is shadow at that time (figs 12) 
£L BAC = 0 


Length of AB is 12 angula as per convention! 

BC is palabha. 
BC Palabhà 

tnd = (p = 0 

Now according to figure 11 in para(4), BA i 
north kranti. ZBOA is angle of kranti (angle no! 
shown) 

AL is kranti jyà (AL L OB) 

= OK 
Now ZKOM = 9 = akéarhéa 
Tan@ = x P LO UN (2) 


From (1) Tan6é = 
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... . _, Krantijya x Palabhà 
so, K$itijyà = 12 (3) 


PKO and PMR' (grand circles) are both 
erpendicular on AK and BO. Due to similarity of 
spherical triangles (as in plane triangles) 

AK BO 

KM OR be 
wa OR’ = PO X KM _ Kéijya x Trijya 

or carajya 3 AK ~ dyja — = dyujya 

(6) The difference in planet motion at sunrise 
is calculated by proportion of motion in carakhanda 
compared ‘to ‘dainika gati in 60 danda. 

Verse 25 - The value of, cara danda for a 
particular sphuta surya previous year will be same 
. for the equal rasi of madhyama sürya this year 
. (exactly same for equal sphuta sürya). This ap- 
proximate equality is used for checking the results 
obtained through palabha. By taking this value of 
cara danda, there will be negligible error. l 

Verses 26-30 - Bhujaphala samskara - Now, I 
tell about another samskara (correction) in madhya 
graha based on nirakśa lagnamàna and ayanàméa 
etc. Mid-night calculated from madhya ravi is 
different from midnight of sphuta ravi. Difference 
between sphuta "and madhyama ravi is called 
bhujaphala and correction for that is needed. — — 

Add ayanamáa to madhyama ravi, find manda 
bhujaphala, multiply it by udayàsu (time of rising 
of rāśi in prana) of the raéi at equator (nirakéa) 
and divide by 1800. Multiply the result by dainika 
gati of graha and divide by asu of madhya ravi 
Savana dina. The result in kala etc is to be added 
Or substracted from madhya graha for bhujaphala 


Samskara. (There are 21659 asus in a madhya 
Savana dina). | e 
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For correction in śighraphala, mandocca of | 
candra or bhujāntara of rāhu, reverse is done. 
(positive bhujaphala is to be substracted or vice | 
versa) 


Notes: (1) Manda bhujaphala is neither ex- 
plained nor method of finding it has been described 
in madhyamadhikara (chapters 1 to 4). 

Manda bhujaphala is the correction to graha | 
raśi due to its unequal speeds which is slowest at | 
mandocca. (Since sphuta graha is closer to man-. 
' docca than E grana, it is termed as attraction | 
of mandocca).. e 


Real motion of earth E isin an ellipse around | 
sun S at one of the focus. The farthest point E on | 
- far side of major axis is the slowest point called | 
mandocca. (It is manda - slow and highest = Ucca.) | 
. E; is closest to sun called the nica point. Middle | 
points of the orbit E; and E; are not at right angle: 
to direction. of major axis but towards mandocea ; 
position (apparent attraction towards it). 


. Apparent elliptical motion of sun around earth: 


Fig. 13b > 
is explained by combination of two circular move 
ments. Fig. 13(a) is real orbit of earth round sun. 
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Fi 13b indicates apparent positions of sun calcu- 
Vd by combination of two circular motions. E is 
earth around which madhyama sürya M is moving 
in a circle in anticlockwise direction. 8 positions 
are indicated as Mi, M2 ---Ms. Sphuta graha S is 
rotating in a smaller circle (manda paridhi) in 
opposite direction. Both complete the rotation in 
ual time. Corresponding positions of sphuta 
graha are indicated by Dy. S2 - - - Ss. 

At position 2 for example 252 M; V2= ZM;jE M2 
as speeds of madhya graha and manda graha are 
equal. Apparent position K2 on kak$à vrtta is 
sphuta graha. M; K? is called manda phala. S; V2 
per endicular.on manda trjyà is called manda bhuja 
Phala (fig 13 c) which is almost equal to man- 
. daphala as mandaparidhi is very small compared 
to madhyaparidhi. M;V; is kotiphala. 


Mandaphala and bhujaphala is negative in Ist 
semicircle after mandocca. (it is to be substracted 
from madhya graha). In 2nd semicircle it is positive. 

Kaka vrtta is 360° or 21,600 kala. l 
Manda paridhi is expressed in angle in 
Proportion to length of kakéa vrtta. 
Sin ZS) M; V2 = Sin ZMjE M; 
a $2 V2 M2 P; 
S2 M2 EM? 
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; S2 M2 (Manda Trijya 
Bhujaphala S2 V2 = M2 P2 x 2 (Manda Tilya) 


"EM2 (kakśā Trijyā) - 
mos nl. ~ mandaparidhi (sphuta) - 
= Bhuja jyá X —————————————— 
uja jyà x 
Kotiphala = - Kotijyà x ene dhi 


Mandaparidhi also changes slightly, because, 
earth is not at centre of orbit, but on one side at 
the focus. | 

(2) Udaya kala of different rāśis is calculated 
in chapter 6-121. Due to oblique direction of rāśis 
with equator (24° or 23°27’ more accurately), the 
time taken by different raSis to rise is different. | 
As we move away from equator this inclination | 
with local horizontal plane increases. Difference in 
rising time of rà$is becomes more. However, total 
time of rising of all ragis will be same as NakSatra 
dina for all places. The rising time of rasis for Ist - 
to 6th rà$is is same as that of 7th to 12th ráéis in 
reverse order. At equator, position of Ist to 3rd 
ra$i is same' as 6th to 4th rasi (symmetric for sayana 
rasi), hence their rising times are same.. For 
difference in start of mid night at equator, only 
the rising times at equator are needed. A com- 
parison of traditional rising times based on Sürya 
Siddhanta and modern values is given below- 


Parama Kranti 24' |Parama Kránti 23°27’ 
[Fo i ai 
| Mesa |Kanya | Tula | Mina | 1670 | 278 | 111 [1675 |279} 1117 | 
| Vrea |Sirhha |Vrácika|Kumbha| 1795.| 299 | 120 |1794 |299}, 119.6 | 
Mithunal Karka | Dhanu | makas | 1935 | 323 | 129 | 1931 |322| 128.7 | 


At other places, udayàsu of ràái is lessened 
by carásu. It is added for rà$i 4 to 9. 
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(3) Since Udayasu is calculated for nakéatra 
dina and dainika gati is calculated as per savana 


; f 21659 asu. i 
ena dainika gati 
gati in 1 asu = "21,659 
, udayasu x dainika gati 
gati in udayásu = — 2169  . 
Hence correction for manda bhujaphala 
manda bhujaphala X gati in udayasu 
= 3800 
~ because udayàsu is for rise of 30° i.e. 1800 
Verse 31-32 - Alternate method for bhujantara 
` sanskara 
Au .. Ravi manda bhujaphala x dainika gati 
Bhujàntara = 21,600. - i 
= mandabhuja phala + (21,600 + dainika gati) 
It will be added or substracted as before. 


Note - In this formula, different rates of rising 
. of raSis and difference between nākśatra dina and 
sàvana dina are ignored. 


Verse 33 : After, bhujantara sarnskara, I am 

telling the method of udayantara samskára which 

is due to difference between madhyama ravi in 

: kranti vrtta and imaginary madhya ravi in nàdivrtta 
(in plane of. equator). 

Verses 34-37 - For this purpose (for 
udayantara sarhskara) make the madhyama ravi. 
sayana (add ayanàmáéa). Find the bhukta asu of 
that ragi (part of udayasu of raéi in proportion to 
lapsed degrees in that raéi). Add the udayasu of 
Previous rāśi starting from mesa. Then calculate 
the kala of sayana ravi and substract from Ist result. 
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Multiply the difference by the dainika gati of graha 
(in lipta) and divide by 21,659 (as dainika gati is 
for savana dina of 21,659 asu) The result is 
udayantara phala. Substract the result from madhya 
graha, if ravi is in sama or even pada (2nd or 4th 
quadrant) and add if ravi is in vizama pada (Ist 
. or 3rd quadrant - 0 to 90° or 180° to 270° from 
mandocca). For correction in pata or ucca, do the 
reverse. 

Notes : (1) Madhyama ravi + Ayanamáa = 
Sayana madhyama ravi = S 

Bhukta asu for S = rising times for rasis from 
0° to S 

1 asu time = time for movement of 1 kala at 
equator 

' Hence. Bhukta asu of S = Its kala at equator 
=E 
Kalà of S = S' 
Correction for observation in plane of equator 
= E-S’ in kala equivelent to asu time.. 
Difference in madhyama graha - 

E-S Dainika gati 
(E-9) X "A65 NE 

as 1 day is of. 21659 asu (sávana dina) 

This difference is negative for Ist and 3rd 
quadrant i.e. Sayana ravi is more in kranti vrtta 
than in nadivrtta. At 90° and 270° they are equal, 
and no correction is. needed. 

(2) This is effect of transformation of coor- 
dinate axis from ecliptic to equator, because time 


is measured by movement along equator (asu is 1' 
movement). 
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Verse 38-39 - The three samskara (cara, 
phujantara and udayàntara) can be made to sphuta 
graha also instead of applying it to madhya graha. 
Then we will use sphuta graha instead of madhya 

aha in all places. Once the samskara has been 
done to sphuta graha, it is not to be applied again 
to madhya, mandocca and $ighrocca because these 
results are used to calculate sphuta graha. 


Note : The sanskaras are for difference in time 
measurements and not due to madhya or sphuta 
graha, hence correction to any value can be done. 
In short; correction time difference between mad- 
hya and sphuta is negligible. 

Verses 40-41 - If we take asu arising out of 
mandaphala of ravi while making bhujantara 
samskara, then udayàntara karma is done from 
sayana madhyama ravi. 


When we take asu equal to kalà of man- 
daphala of ravi then udayàntara will be done from 
sáyana ravi before bhujàntara sanskàra, both are 
to be done separately. 


Note : (1) In taking asu equal to mandaphala, 
it is already converted to value in equator plane; 
hence separate udayàntara sarhskára is not neces- 
sary. 

(2) A review of all corrections - (a) Degantara 
safiskara - It is due to different times of sunrise 
Which is earlier in east. Hence time in east is more 
counted from sunrise or midnight. At present 
reference is not 0° longitude only. Every country 
has fixed reference time according to time zone 
from 0° longitude through Greenwich. Thus Indian 
Standard time is standard time for 82% 30’ east of 
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greenwich, : i.e. 5-1/2 hours more. Correction for 
local standard time is done for difference in 
desantara (longitude) Since 360° rotation of earth 


24 x 60 
in 24 hours, 1° rotation is in 360. = 4 minutes. 


Hence 4 minutes time is added for each degree 
longitude towards east. 

Local standard time - Indian standard time 

= (longitude - 82°30’) in degrees x 4 minutes 
(b) Cara sanskara - Midnight or midnoon is 
same for. all places in a longitude. When time is 
measured from midnight (in hour system), then 
no correction is needed. However, in India, sávana 
dina is counted from sunrise which is different at 
different latitudes. Difference in day length in- 
creases as we move away from equator. In practice 
we do not correct the time, but find the time of 
sun rise. Time of sunrise depends on position of 
true (sphuta) sayana sun which is: fixed for a 
particular.day of a solar year like christian era. It 
also depends on latitude of the place. Thus date 
wise charts are prepared for sunrise time at 
different longitudes (in local mean time). at 1" or 
10^ intervals. It can be calculated from krànti of 
that day noted from pene or calculated from 
. sayana ravi. 


‘Difference between true time and sunrise time 
.- both counted from midnight. gives ista kala in 
Indian system.. em E 

(c) Bhujantara sañskāra - This. is due to 
difference in standard time and true time - both. 
Local standard time is calculated on the assumption 
that each day is of 24 hours. Day length is made 
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of two components. To move from 1 nakéatra to 
that naksatra again it takes 23 hours 56 minutes 
due to earth’s daily motion. Meanwhile, sun also 
moves about 1° ahead due to orbital movement of 
earth in same direction (360° in about 360 days). 
To cover that distance more earth takes about 4 
minutes more (360° is covered in about 24 hours). 
Thus nakégatra dina is 23 hours 56 minutes = 21,600 
asu and savana dina is 24 hours = 21,659 asu. 
Difference is 59 asu = about 4 minutes (= 60 asu). 


While nakéatra dina is fixed, extra 4 minute 
component varies and each savana dina is not 24 
hours exact. But the watches are calculating 24 
hours for each day according to standard time. The 
„standard or mean time and true or solar time start 
' together at sayana mesa safikranti, 23 March., when 

i day and night are equal. Around 24th April when 
gun is at farthest (mandocca is at nirayana mega 
(40' or sayana 32°), sun is slowest. So days are 
&gmaller than 24 hours after 23rd March. By taking 
«@4 hours for each day clock time is slower than 

` true time. This addition in clock time to get true 
time accummulates for about 6 months upto 14 
minutes. Then it is negative correction and again 
both times tally on 23rd March next year. 


Effect of 4 minutes shorter nakéatra dina is 
that a particular lagna (e.g. mesa) will start 4 
minutes earlier on next day. Effect of difference in 
ied time and standard time is that sun will be at 
di position at true noon not at local mean 
s hrs local standard time). This is also called 
Mi M to time difference, or velàntara 
uo E formula for knowing difference in 

and standard time is called time equation. 
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This difference depends only on sun’s position 
(indicating bhujantara) or the day of solar year. 

(d) Udayàntara safiskara - This is negligible 
and is not necessary when bhujantara is measured 
in asus. In modern astronomy also, this is included 
in time equation. 

Verse 42 - Multiply aksaméa kala by 
bhüparidhi and divide by 21,600. Then we get the 
distance of place from nirakóéa (equator) towards 
north or south on the yamyottara vrtta (longitude 
line). 

Note - Bhüparidhi covers 21,600 kala. AkSamSa 
kala is north south distance from equator in kalas. 
Thus the distance from equator is calculated 
because 1 kala is same on longitude line or equator. 


Verse 43-45 - To save enormous labour in 
calculating graha, I am giving ‘padaka’ of sürya 
etc. like Kócanácarya. ('Kocannà' was an 
astronomer of Andhra Pradesh who had prepared 
charts for easy calculation. These charts were 
popular in south Orissa also at the time of author). 

Ahargana is given for years 1,2 ------, 10,20,---, 
100, 2000-----, thousands, lakhs, ten lakhs, crores 
and ten crores. These start from madhyama sürya 
at mesa safikramana. Vara Suddhi has been done 
in this. To calculate the ahargana, add the figures 
given in table and divide by 7. If correct vara 
doesn’t come, then add or substract 1 for tally with 
vara. 


Verses 46-51 - By this method, ahargana for 
first day of panjika is calculated. Graha is calculated 
for that ahargana from their respctive padaka 
(tables). In this addition, we take figures upto 5 
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ee from rāśi (para). By this, graha gati can 
diveicalated for up to 1 arbuda (10°) days. 

After writing padaka of graha and ucca etc, 
their dhruva (starting position) at beginning of kali 
and beginning of Karanabda (standard year for 
start of calculation by author-mesa samkranti of 
1869) are written. Also write the dainika gati of 

aha, ucca and pata. Write bhujantara, cheda 
(part) mandocca hàra (part), patahara and de$antara 
ala etc. In the 73 ta les, while adding rà$i etc of 
raha, multiples of 12 rà$i (1 revolution) are 
Beducted. When calculation is from kali beginning, 
“we get madhyama graha etc for Lañkā midnight. 
‘Jf calculation is from karanabda; then value is for 
sunrise. For madhyamàna of candrapaàta (ráhu), the 
‘angles are deducted from dhruva. Result is 
deducted from complete revolutions. 

Verses 52-55 - After obtaining madhyamàna, 
deSantara samskàra etc. are done. Then 
‘gtahasphuta is done with help of table of 
Khand . As a siddhànta grantha, the tables 
should have been given after their related text. But 
at the time of printing (in 1899) all charts were 
given in appendix. 

Verse 56 - For convenience in grahasphuta, I 
(author) have given phala, dhruva, gati etc in chart 
for 1 to 10* days. After calculating graha sphuta 
according to charts, you may not observe the graha 
rt same position. Then correction is to be made 


by seeing dainika gati, dhruva padak etc. in second 
Part of this book. 


_ Verse 57 . May the Lord Jagannàjha reside 
in my heart h . A " : 
who is worshipped by Kubera’s friend 
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Siva at Nilacala situated at ak$am$a 4/27 (palabha) : 
and de$àntara 8434 viliptas which are 4/19 palabha . 
and 9138 viliptà according to new calculations. 


Verse 58 - Thus, ends this fourth chapter | 
written by Sri Candrasekhara born in renowned ; 
royal family of Orissa. Siddhanta Darpara is for | 
tally of calculation and observation and education ! 
of students. Padaka charts have been given for fast | 
calculation. 


B. SPHUTADHIKARA 


Scope - This part deals with finding true 
position of planets. So far we have calculated 
methods of finding mean position, which assumes 
constant average speeds of planets, to a first 
approximation. This part contains two chapters. 
Chapter 5 discusses true motion of planets. Chapter 
6 deals with special corrections to moon's motion 
and accurate pañcāñga on that basis. 


Chapter - 5 
TRUE PLANETS 
(Making grahas sphuta). 
General Introduction 


( Concepts of Plenetary motion 


Figure 1 (a) Figure 1 (b) 
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Ptolemy Copernicus 

E is earth, P is planet S represents the sun 
Line A L turns with mean and P the planet The line 
angular velocity of the KL turns with the angular 
planet round the sun. The velocity of the planet round 
line LP Turns’ with the the sun, while LP turns at 
mean angular velocity of twice the rate. The length 
earth. Length AC = CE is KL and KS is specified for 
specified for each planet each planet. (Not drawn to 
Length LP is related to the scale) 
earth sun distence (for outer 
planets) 


From the data collected over centuries, ap- 
parent circular motion of planet with some loops 
and retroacting motion were detected, where it was 
difficult to find a pattern. But Hipparchus (100-120 
BC) and Ptolemy (85-165 AD) were able to describe 
it on the basis of epicyclic moitons. As explained 
in diagram of Ptolemy (Fig 1a) planets moved in 
circles whose centre moved on some other circle 
round the earth, centre of this circle was slightly 
different depending on changes in the velocity of 
planet. : i 

This was successful in predicting the future 
position of planets, but was unable to reveal any 
law of nature. Copernicus modified the pattern 
with similar construction; (Fig 1b) but with sun at 
rest in which patterns were easier to detect. Based 
on this construction, Kepler (1571-1642) framed 3 
laws- 


P 


o sS 


Fioure 2 - Kenlarian Orbit 
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Line SP joining sun S to a planet P sweeps 
out equal areas in equal time intervals (rule 2). P 
moves on an ellipse with S at focus. (rule 1). OA 
is semi major axis and ratio OS/OA is called 
eccentricity. 

Third law is that square of time period T of 
revolution of a planet is proportional to cube of 
its mean distance from sun. 


These laws led Newton to prove that all 
matters attract each other with a force proportional 
to inverse square of the distance between them. 
Together with plausible assumption that force is 
proportional to masses of attracting matter, it 
formed his theory of gravitation. 


However, the method of calculation of 
planetary position remains the same. In both the 
methods, we calculate the direction and distance 
of planet from sun (heliocentric position). Then on 
basis of earth’s distance and direction from sun, 
we calculate the direction of planet from earth 
(geocentric position.) Heliocentric position is only 
a mathematical necessity. Actual observation is 
always from earth, equal to geocentric position. 


(2) Calculation of planets in Western 
astronomy - Calculation of sun's position is 
simplest. We calculate position of apsis (nearest 
Point on major axis - Indian method starts with 
farthest point) mean anomaly (angle with apsis) 
and position of vernal eqinox from which lon- 
gitudes are measured. In a solar calender, sun's 
Tevolution is almost equal to year and position, 
longitude and latitude of sun depend on date of 
calender with minor corrections. $ 
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Moon's orbit has perturbations due to attrac- 
tion of sun and other planets. Movement of its 
-© node is faster (Due to its nearness to earth andi 
effect of sun, parallax etc, its accurate calculations; 
for eclipse is needed. First, we derive the formula: 
for calculation. | 

To know the true position - (1) A planet inj 
its etiptical orbit with sun at focus is calculated to! 
know its direction and distance from sun. 
(Heliocentric position) 

(2) Position of earth is calculated from sun.: 
From its direction and distance we calculate; 


- kjam PET UPON — 


‘ Figure 3 
direction and distance of planet from earth. 
(Geocentric position). i 

Explaination of Anomalis (Fig 3) - APA’ is: 
eliptical orbit of a planet'and S is the attracting’ 
sun at a focus. Revolution of the planet is counted: 
from position A when it is closest to sun (near | 
end of major axis) After ‘d’ days planet is seen at; 
position P, ZASP is manda kendra = 9 (True} 
anomali). ; 


Auxiliary circle is drawn on diameter AA’. PB! 
is perpendicular on major axis, on extension it 
meets anxiliary circle on P’. ZAOP’ = ¢ is called 
eccentric anomaly. 0 and p are measured in length: 
of arcs (radian measure). If daily mean motion of 
planet is n radians, then 2z/n is the period of 


True Planets 117 


revolution. If daily motion is always n, then the 
lanet after ‘d’ days with be ‘nd’ which is called 
mean anomaly (madhyama manda kendra). This 
will be true anomaly, if speed of planet (angular) 
is constant. According to. second law of Keplar -- 

AreaASP d 21 dn 


Area of ellipse Time of revolution _ n 21 


Area ASP area of ellipse b zab 


Area ASP” ^ areaofcirle" a — 44 
where a and b are semi major and semi minor 


axis. 
Area ASP Area ASP Area ASP 


50 Area of ellipse ` Area ofcircle . „a? 
But Area ASP’ = Area AOP' - Area SOP’ 
. s _ BP x OS _ aX _ asinbae 

2 2 TUR 2 

2 

a : 

ro (® — esin® ) 


Where e - eccentricity (cyuti) of ellipse. 


dn Area ASP ' a? (® — esin®) 
Hence = cts ee eue es 
2z Area of ellipse 2. za 
or dn = -e sin ........ (1) 


This is relation between mean anomaly and 
eccentric anomaly. 


Relation between true anomaly and eccentric 
anomaly-Polar equation of ellipse is 
a(1- e) 
1 + ecosé 
As per difinition of ellipse 


SP = 


SP =e x distance of P from directrix 


=e x distance fo B from dirgctrix 
(1 to major axis) 
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-e (distance from centre to directrix 


— centre to B) 
2 . OB 
=e = = 
(,- OB) 
a 
= eg — acos) = a- ea cos b 
or, radius vector (karna) = a (1 — e cos ¢)---(2) 
2 
a (1-— e^) 
LE EE — ecos® 
So, lideres a (1 — ecos®) 
Or, 1 do Reto 
e SAE Eos ob Cds D 
2 : 
|1-e (e cos ¢ — e) 
9I eee es l-ecosb m 1 — e cos Ọ 
PETINE cos ® -e 
: | 1l-ecos® 
Tan? 9  1-cos80  1l-ecosb - cos + e 
an 5 7 14089 ^ 1—ecos®+cos®—e 


l+e 1- cosb 
1-*e'1-cos o 


_ilte t 2 
EEr an y 


6 y lte 9 
or tan 5 = 1e" r 7 een (3) 


Equations (1), (2) and (3) can be used to find 
manda kendra (True anomaly), manda karņa 
(distance from sun) and d (time in days) from A 
(perihelion-nearest point). 


For practical purpose, these equations are not 
convenient. For calculation on basis of average 
velocities which are known accurately, equation (3) 
needs to be expanded in a power series of small 
e as coefficient of sines of average position. 
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Equation (3) can be re-written on basis of 


f Trigonometr 
formula o R Bas 2 


is E 


= d i=v-1 
tan? iie +e?) i 
where e - base of natural logarithm 
1 1 1 
[1 |? |3 


To differentiate it from eccentritity, we write 


then (3) becomes 
ie zig ig =19 
E2 —-E 2 n vT*te . E2 — E2 
18 -iĝ 1 ié i ) 
i (E2 $E e iz tE? 
E -1 1+e EP -1 
a ee I T 


Adding 1 to each side and substracting from 


1, then dividing 


Vite - 1) + vIe (E? + 1 


gê = 
vI-e (Œ? + 1 - vive (E? - n 


. E? (i^e « V1 — e) + Vi-e- vite 


-EH? (VI F e - VI = e€) Vi-e + Vice 


E? — p vl +e -VvVi-e 
TT ne S where p = VICI. 4 wi 22€ 
1 — pE 1+e+vl-—e 
—id 
Or Ei? = E? lw P E i 


1 - pE? 

Taking logarithm of both sides, 

i = id + log (1 - pE*) - log (1 —-pE"”) 
2 

zio + (E$ - ES) 4 E: gt - p?i*) 


3 
+ E (i? L EID yg " 
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or 
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2 
6= b+ o+- Et M Lc eega 
p io io 
+ (PP pi. z ns 
3 ) 
or 
2 3 
2 2 
6 — à 4 2p sin b + Esino + E sin3p +... 
p? p? i 
or 0=@ +2 (p sin + y sind P + “SF sins DP...) 


(4) 


Equation (4) needs to be expressed as a series 


in mean velocity n and 
. determined. 


d. which are easily 


For this, we use Taylor's infinite series based 
on Lagranges mean value theorem of differential 


calculus. This is written as 


2 
feth EOR OEO.. 


let y = x + h f (y) 
Then F(y) = 
Theorem, 
T EE 
h? 
—.— [f 
S fu y. 


n x-1 


quem [fy)^ F 69] 


From equation (1), dn = 


(5) 


F [x+h f(y]. Then by Taylor's 


2 


PF .F (x)] 


[f(y)* 


Fo)... 


Q-—esin o 
or = dn + e sin Ọ = m + e sin © where m 


dn 


This is in form of (5) where y = ®, xem, h = 


Let F (,) = ®,, then F(m) = 


m and F' (m) = 
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Hence form (6) 
2 


; d 2 
p-M-eesinm.l----—(sinm.1) 
-dm 


fs (sin? m.1) 

dm 

Nu fit waive t odo (sin? m .1) + 
[4° an? E LS am' n 


Expansion of Sin "m is given by 
(when n is even) . 
sin^ m = PRU capa loos —-ncos(n—-2)m 
,R(-0 n (n - 1) (n - 2) 
12 [3 
cos(n- 6m-...] 
When n is odd, then 


1 

sin" m = 
-1 n 

27 (n-1)72 


» ds ^ n(n-1). 
OE E cc de SIL UR 
-1 —2 
incu) ue UR e ao NT ] 
[3 
d d (1 — cos2 m) 
Hence — (sin? = — > = si 
ce ja On m ) dm ae sin 2m 
d? OT E d? (3sin m — sin3m 
dm? ES (04 
. d [(3cosm —3cos3m 
dm 4 
~ c 3 sin m + 9 sin 3m 


(3 sin 3m — sinm) 


A] 


4 
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1 2x3 
rx ne i x 1)}. 


1 
s (4° sin 4m—4 x 2? sin 2m) = 4 (2 sin 4m — sin 2m) 


4 
—1 (sin? m) 


d* 1 . . 5x 
ae Ve ey Ce | (sin 5m — 5 sin3m + 
dm* {2° (-1) 


T 
snm) 
Le i 

7 ig 6 sin 5m — 5 x 3^ sin 3m + 10 sin m) 


pu (sinf m) = —~ leo (cos 6m — 6 cos 4m 


dm? |2? (-1) 
yewa 6XSxX4. 1 
=n osm = — . — 
2 [3 


1 
= zz (€ sin 6m — 6 x 4° sin 4m + 15 x 2° sin 2m) 


Hence $ = m + e sin m 
e. e 
+> sin 2m + 3 x 7 (3sin 3m — sin m) 


2 {3 

e! e 1 

DT in 4m — si ETT. 
t T x 4 (2 sin sin 2m) l5 

4 4 ef 1 
(5° sin 5m — 5 X 3° sin 3m + 10 sin m) *16:32* 


(6 sinóm — 6 x 4° sin 4m + 15 x2? sin 2m) +... 
Separating sin m, sin 2 m ...etc. 
3 5 e 4 6 


p=m+ —+< 
UBCRGET ee gap 


Sp sinm + (G m 


3e? 27e i 4 
sin 2m + (E ~ T5.) sin 3m + (7 — 15) sin 4m 
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5 
384 
Next quantities contains powers of ef or more 
hence they are very small and left out (e is very 
small because orbit is almost circular with very 
small eccentricity) 


4 sin 5m +. (7) 


Equation (1) can be also written as 
e sin ® = Om 
®-m 
e 


or sin o = 


From (7), this becomes 
um 4 3 5 


e <p) sinm + (È - Č + È) sin 2m 


sin ® = (1 - > 8 * io 


Ro UE eia [ee 
(38 ^ 128) 9n 


iden dee. dc ee (8 
sin 4m 384 sin 5m t .... ) 


Now expansion of Sin 2 6, sin 3 ® --- are to 
be obtained 


Now in equation (6), take F (®) = sin 2 6, 
then F(m) = Sin 2m and F' (n) = 2 sin 2 m 
Hence equation (6) becomes - l 


sin^? = sin 2m + e sinm X 2 cos 2m 
è a e 

T [2 du (sin? m x 2cos 2m) + — l3 

E d é d 


sin? m x 2 cos 2m) + — — 
dm? (si x ) Him? G 


124 


Siddhanta Darpana 


e 4 

(sin m x 2 cos 2m) + — hm — Gin? m x 2 cos 2m) +. 
In this, sin m x 2 cos 2m = sin 3m — sinm 
d. i d {1 -— cos2m 
am Gin m x 2 cos 2m) = air | 2 "n 

d d 1 cos 4m 
= Jm (05 2m — cos? 2m) Sna [e 2m — 2 

2 


sin 4m — 2 sin 2m 
2 


(sin? m X 2 cos 2m) 


d? | sin m — sin 3m 
4 


x 2 cos am) 


d? (3 sin m cos2m - sin 3m cos2m 
dm? 2 


3. VN: NP 
— |= (sin 3m - sin m) - 4 (sin 5m + sin m) 
1 . : 
—— 4 (3 sin 3m — 4sin m — sin Sm 


1 
=g (- 35 sin 3m + 4 sin m + S? sin 5m) 
sor dà 
—~ (sinf m x 2 cos 2m) = —; 
dm? dm? 
1 
I (cos 4m ~ 4 cos 2m + 3) 2 cos d 


d f1 
- PILLE 2m ~ 4 2. cos? 2m 


+ 6 cos 2m) 
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d [1 4 6 
=— 4- (cos 6m + cos 2m) — = (1 + cos 4m) + > cos2m 
dm? |8 8 8 


au 
«|g eor ém — 4 cos sm + 7 cos 2m - 9| 
dm 
UP Es NR 
i sin 6m — 4' sin 4m + 7 x 2" sin 2m) 
so {sin2 ® = sin 2m + e (sin 3m — sin m) 


MS (2 sin 4m — 2 sin 2m) 


3 l 
+5 4 (25 sin 5m — 27 sin 3m + 4 sin m) 


1 
Tg (eios em — 256 sin 4m + 56 sin2m) + ..... 


3 4 
MR e, E A 
=(-e+ç)sinm + (1 — e +-7y)sin2m 
3 4 3 . 
9e 4e 
+(e- 3) sin3m+ (e? — 73? sinám + ze. sin5m + .... 


In equation (6), now take F(®)= sin 36, then 
F(m) = sin 3m and F'(m) = 3 cos 3 m, then it 
becomes - 

sin 3 ® = sin 3m + e sin m x 3 cos 3m + 

COMPE DNE 

$ (sin'm x 3 cos 3m) 
3 


e d? .3 
+= [sin m x 3 cos 3m + ..|+ — 
l3. am? 


; 3e ,os : 
= {sin 3m + > (sin 4m — sin 2m) 


e 


" 
*t3'4 ((5 sin 5m — 6 sin 3m + sin m) 
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e 3 
+ | g (36 sin 6m — 48 sin 4m + 12 sin 2m) + ... 
or, 
Tm Lm = R P ack oe 
sin =", sin 2 4) sin m + ( 43 
3e i 15e? 9e? 
(= - 3e?) sin 4m + —— sin 5m + = gin 6m + .... 
2 8 4 
Similarly sin 4  - sin 4 m + e sin m x 4 cos 4m 
2 
d 
+ are (sin 2m x 4 cos4m) + --- 
E. 
= Sin 4m + 2e (sin 5m - sin 3m) + > (6 sin 6m 


- 8 sin 4m + 2 sin 2m) + ...................... 


or sin 4 = e? sin 2m - 2esin 3m + (1-4e?) sin 4m 
+ 2e sin 5m + ............... 


5 
Sin 5 $ = Sin 5 m + 7e (Sin 6 m - Sin 4 m) + - 


5e 5e 
= — > sin 4 m+ sin 5m + > sin 6 m+ — 


Value of p can be known in terms of e by 
expanding with binomial theorem also (Taylor’s 
theorem is not needed) 

vi+e-vi-e 1-v1-e 


P7vr3*e-Vi-e e 


e? et ef 
eo Tete) 
e e? e 
png qot 
3 542 2 4 6 
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2 8 16 |^ 8 64 
e 3€ 9 
= g 32 128 PT 
uo. 

ie eL SE uoET Let 
P'"|4 8 64] 16 16 "^ 
Sl (ee hee ce | cok 
P = |16" 16| |2 8 16) 32 


Now equation (4) can be written as 


peddle Seg [e ELE 
Gs Bee Aaa ee Oe ae ae 
in 2m + E aie sin 3m + e ue 
sin 8 128 3 15 
5e 
sin 4m + ^38 sin 5m + .... 
5 2 4 
e e e e 
+2 [= +++ >) fa = 
2G tarl K g. 955m 
5 
e e e 
+G- g + 4) sin2m 
3e Om ee a gp en de 
a 11g mm tS as 
25e? : 
sin 4m + 384 sin 5m + ] 
PETS È 
254 p a cet. 


7 
sin m + (1— eê + >) sin 2m 


res hae. ee 
(e z) singm (e 3) sin 24 


1[e 3e) ]|3e . 3e 3e e 
Eme 7g smm-(> — 7) sin 2m 


2 8 
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- 
P 


sindm +..] 
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; 
+(1- X) sin 3m 


(3e 15e? i 
t PTR 3e? ) sinám + 7$ sin 5m + x sin 6m +....] 


1 e + Gi 2 2 in3 + 

4 46 19 [e^ sin2m e sin3m 
(1 + 4e? ) sin4dm + 2esin5m] |. 

5 

le 5e 5e 
+ — — — —— 

53017 > sin 4m + sin Sm + 2 sin 6m] 
Terms bead e$ and sin 6 m have been left 


out as. they are neglible. Collecting the a ; 
of sin m, sin 2m ---etc. i 


| 
| 
| 
| 
1 


5 2 4 6 
e 5e 5e lle 17e 

0 = m+ (2e —- — + —) Si + (— -— + 
m + (2e n 96 PME ( 1 24 | 
13e 43e 103e4 — 451e$ : 
1 lo 103e __ le- ; 
sin 2m + (715 a ps sin 3m + ( 96 480 ) ! 

1097e? 
sin 4m * 960 sin 5m ........ (9) 


Actual equation for knowing heliocentric true ; 
position - : 

Equation (9) is the main equation from whieh) 
helocentric position of planets are calculated from) 
their mean speeds and eccentricity of orbits. This, 
is called manda karna in Indian system. For] 
example, in case of Jupiter, e = 0.048254, hence eli 

= 0.0023284, e? = 0.0001124, e* = 0.0000054, e? and! 

higher powers are very small and can be neglected: 
for calculation of 1" accuracy. 

For Jupiter - 

0 = m + (0.0 96508 - 0.0000281) sin m 

+ (0.002 9 106 - 0.0000025) sin 2m 
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+ 0.0001218 sin 3m + 0.0000058 sin 4m + -- 

or 6 = m + 0.0964799 sin.m + 0.002 9081 sin 2m 

+ 0.0001218 sin 3m + 0.0000058 sin 4 m + --- 
(10) 
. If the sines are expressed in kala or vikala in 
Indian system, then the value of @ will come in 
- kala or vikala and this will be manda phala of 
guru from centre of sun. If they are expressed in 
fractions, the terms after m will be in radian. To 
convert them in kala or vikalà, they are to be 
multiplied by 3437.75 or 206265. 

Equation for any planet can be obtained by 
putting its eccentricity e in equation (9). The 
eccntricities are given in end of this section. 


Helocentric distance - 
Manda karna (Heliocentric distance of planet) 
is ; 
SP = a(1-e cos 4) 
Putting F(®) = 1 - e cos ®, F(m) = 1-e cosm, 
F(m) = e sin m, in equation (6), Taylor's series 
Bives 
: d. 
l-e cos ® = (l-e cos m) + e sin m —— (1- 


dm 
cosm)+ 


QE a 
|3 dm 
eq 

a gage on ns eS PPP 


(Sin? m x e sin m) 
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E 
= ]-e cos m + > — 7 cos2 m + ^g cos 3m E ace 


4m + — cos 2m 


e 3e? e? 2e? 
(ul *3)-e(1-77$g)cos m - > (1- 737 cos 2m | 


3e? ; d 
CH cos 3m + ...... i 
Hence, radius (karņa) 

e 3e e? 2e? 
-a[( +>) —e(l -7g ) cos m “7a rU 
3 
cos 2m — = cos 3m] .............. (11) 


8 E 

Semi major axis (smallest+largest distance),/ 21 

of Jupiter a is 5202.8 hencee equation of its redius : 
15 : 
5202.8 [ (140.0011642) — (0.048254 — 0.0000421) i 
cosm f 
— (0.0011642 - 0.0000018) cos 2m - 0.0000421 : 
cos 3m)] i 


= 5202.8 (1.0011642 -— 0.00482119 cos m x 
. 0.0011624 cos 2m - 0.0000421 cos 3m) | 

= 5208.86-251.06 cosm - 6.05 cos 2m - 0.22 | 
cos 3m | 


Semi major axis has been expressed as ratio | 
of earth's mean distance from Sun which is taken į 
as 1000 | 


s 


Parameters of planetary orbit 

Constants for earth -- ag = 1.4959787x10! 4 
metres, © is symbol for earth, a is semi major axis: 
Time period of revolution Tg = 3.1558150 x 10’ sec.) 
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Mass mẹ = 5.976 x 10% kg, Moment Me = 
2.66 x 109 kg m?/sec 
Eccentricity eg - 0.0167 


Orbits of other planets 
Planet a in Peri- Mass Mome- inclinati- Eccentric- 


ap od (in mo) nt on of ity e 
Years (in mo) orbit : 

Mercury 0.38 .0.24 5.6x 34x 7° 0’ 14" 0.2056 
71 10? — 10? 

Venus 0.722 0.0 81x 70x 3° 23 39"0.0068 
33 10! — 10! 

Mars 1.52 1.88 11x 13x 1°51’ 0" 0.0934 
37 10! — 10! 

Jupiter 5.20 11.87 3.2 x 1027.6x10? 1° 18' 21" 0.0484 
28 

Satum 9.53 29.46 9.5x 102.9x10? 2729"25" 0.0557 
89 


Uranus 19.18 84.01 1.5x 10'6.4x10! 0°46” 23" 0.0472 


Neptune 30.06 164.8 1.7x10! 9.5x10! 1'46' 28" 0.0086 
Pluto 39.44 247.6 2.0x 1.2 x  17'8 38" 0.2486 
10^ ` 10? | 

Conversion of Orbital distance to ecliptic 
distance Equation (10) gives the distance (angular) 
‘of planet in its orbit from its nicha (perihelion) or 
closest position. If the orbit of planet would have 
been in same plane as earth's orbit (or plane of 


Figure 4 - Inclination of orbit with eeliptic 
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ecliptic), this would have been its distance in 
ecliptic also. But every planet’s orbit is at an angle 
with ecliptic which is its parama Sara (maximum 
distance from ecliptic). This inclination is given in 
the chart above. There is no inclination for earth’s 
orbit (or sun) because it is measured from this orbit 
only. 

In fig 4, PC is orbital ellipse and CP’ is the 
ecliptic. S is centre of sun and A is perihelion 
(nica) of the planet. P is true position. PP’ is 
perpendicular on ecliptic, hence it passes through 
pole of ecliptic. Then ASP is orbital true anomaly 
(Kak$à spaSta kendra) and SP is spasta karna. AA’ 
is perpendicular on ecliptic and also passes through 
its pole. Distance A’P’ along ecliptic is the ecliptic 
true anomaly (kranti vrttiya spasta kendra). 

For theoretical calculation, it is easier to find 
out relation between CA and CA’ or CP and CP’. 
But in practice, we need to know only the minor 
correction to orbital distance to know ecliptic 
distance. 

This correction or difference between orbital 
distances from pata C (intersection point of orbit 
and ecliptic) is called parinati. 

Nica parinati = CA - CA’ 

Planet parinati = PA-P’A 

PP’ is instantaneous or istakàlika $ara, PCP’ 
is parama Sara (equal to maximum angular distance 
from ecliptic), PC is distance from pata to graha 
or vipata graha. ZPP’C is right angle, hence PCP’ 
is a spherical right angle triangle. From Napier's 
laws 
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(1) Sin (90° - CP) = cos (PP’) x cos CP’ 

(2) Sin PP’ = cos (90*-PCP") x cos (90°-CP) 

(3) Tan PP’ = Sin CP’ x tan PCP’ 

(4) Tan CP’ = cos (PCP’) tan CP 

Sin (CP-CP’) = Sin CP. cos CP’ - cos CP. 
sin CP’ ---(12) l 

From formula (3), 


a ERE 
S = tanPCP 


sin CP F 
Formula (4), -———; = cos (PCP ) tan CP 
cos CP : 


eO acci eee 
cos (PCP ) tanCP 


tanPP ` cos CP 
tanPCP cos PCP sin CP 
tanPP cos CP 
sin PCP sin CP 
so, 


tanPP x cosCP . 
sinPCP’ sinCP 


sin (CP — CP’ ) = sin CP — cosCP 


tanPP 
tanPCP 
_ tan PP x cos CP cosCP x tanPP’ 
= sin PCP 7 tanPCP 

E tanPP x cosCP 
^ sinPCP 

" sinPP cosCP 


= ; - x vers sin PCP 
cosPP sinPCP 


[1 ~ cos PCP] 


- PP : 
From formula (2), = ; = sinCP 


sin PCP 


= 
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Hence sin (CP-CP") 


sin CP x cosCP : js 
&O———— ——— —— Xx vers sin PCP 
cos PP 


Parama $ara of all planets except Budha is 
less than 3.4° hence their istakalika Sara will be 
still smaller. Hence Cos PP’ = 1. Then 


Sin (CP-CP/) = Sin CP cos CP x vers sin ii i 
21 
a | 
| 
| 
3 
| 


- 1/2 sin 2 CP. V sin PCP', or, sin (Parinati) - 

X versed sin of parama $ara X Sin (2 X nee 

graha) --- (13) 
Equation (13) gives correction to find position . 

of planet in kranti vrtta. 


Geocentric position 


We aR eect Peed ee Eat toupee Bis co erie Sete 


Figure 5 - Geocentric position of planets 
To find the direction and distance of planet. 
'from earth, we have to know the position of earth | 
itself. Position of earth also can be known from; à 
equation (9) like other planets. Position of Sun | 
from earth is opposite to earth from sun direction ; 
i.e. 180° away. i 
Sighra kendra is difference of ecliptic spasta 
kendra and position of sun from earth. i 
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In Figure 5, S, E and J are positions of sun, 
earth and Jupiter. ESS’ is direction of Sun from 
earth (both centres). S’ is its position in ecliptic. 
c/SJ is Sighra kendra of Jupiter. ZESJ -180^-S'SJ 
and in AEJS, two sides ES, SJ and angle between 
them is known. Then EJ, 2 SEJ and ZEJS also can 
be known. From trigonometry 

SEJ-SJE SJ-SE SEJ+SJE 

tan 2 = şjJ4sE®" 2 

Here 2S EJ + 2SJE= ZS' SJ = Sighra kendra 
SEJ-SJE  SJ-SE Sighra Kendra 

2 ^ SJ«SE 2- 

From this difference of angles ZSEJ and ZSJE 
can be known.’ Their sum (sighra kendra)) is 
already known. By adding these and dividing by 
2 we get ZSEJ which is angle between Jupiter and 
Sun as seen from earth. This is called Inántara 
(Ina- Sun). 

Distance of. Jupiter from Earth JE is sighra 
karna. 


“tan 


JIE __JS 

SinZESJ sinZS EJ: 

But sin ZSEJ = Sin (180°-ZSEJ) = ZJSS' = Sin (Sighra 
kendra) 


by sin ratios 


X 


Figure 6 - Sighra Kendra in ecliptic 
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Hence, Sighra karna JE = Sin of Sighra kendra x manda | 


Un die tni DR. 


1 
Fan sin (inantara) - SS 


In fig 6, XX’ is ecliptic plane which contains ` 
earth's orbit EYZ. Orbit of Jupiter is CJC’ which. 
cuts ecliptic on C and C’. C is north pata and C’ 
south pata. S,E and J are true positions of Sun, | 
earth and jupiter.--JJ’ is perpendicular. on ecliptic | 
plane. V is.point of vernal equinox. (north pata of . 
ecliptic and equator planes). ZJSJ’is heliocentric . 
inclination of Jupiter, ZVSJ’ is longitude of planet : 
(angle in ecliptic plane between vernal equinox and : 
planet - seen from sun. JEJ’ and V’EJ’ are geocentric : 
inclination and longitude of jupiter. SVIIEV’. | 
ZVSE is heliocentric longitude of earth, hence: 
ZVSE + 180° is geocentric longitude of sun. i 

(A SEJ’ is same as A SEJ of figure 5) Sighra : 
karna and inàntara in equator are EJ’ and: ZSEJ'. 
True áighra karna and inantara are EJ and ZSEJ; 


ED IE 
dr LJEY zu») 


4 J EJ is very small, hence is cosine is almost ^ 


This is only a rough outline of calculation of . 
palnetary positions in modern astronomy. . 

There are prturbations in positions of earth . 
due to effect of moon, jupiter and venus (others : 
negligible) Similarly prerturbations occur in other ; j 
planets also for which -corrections are necessary. ; 
There is slight change in eccentricity and positions ; 
of pata also which: cause other corrections. The 
corrections to the orbit of moon are more important : 
because it has largest effect on earth’s tides, : 
climates, calender and eclipse etc. 


OENE Medea 0 
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(3) Tables of Sun 


Precession of equinoxes - According to New- 
comb, rate of general precession in longitude per 
tropical year of 365.2422 days is 50". 2564+0”.02223 
(t/100) + 0”.0000026 (t/100)* 

where t is measured in tropical years from 
1900.0 AD. 


Annual rates of precession per sidereal year 
of 365.25636 days is 50”.258 35 + 0”.02223 (t/100) 
+ 0".00000026 (t/100)* 


In Julian year of 365.25 days, precession is 
50."2574740".02223 (t/100) + 0”.0000026 (t/100)? 


In Indian system, initial point from which 
longitude is measured is a fixed point of ecliptic 
with respect to stars. In modern astronomy, it is 
the point of vernal equinox. Distance from fixed 
initial point of vernal equinox point: is called 
Ayanaméa. 

To -fix initial point accurately, star spica 
(uvirginis) has been assigned a nirayana (from fixed 
point) longitude of 180°. Since the star also has 
some small motion, its longitude of epoch time is 
taken when fixed point and vernal equinox point 
were together with sun on it. 

This epoch of 0° Ayanamsa (0° sun also) was 
on 285 AD, March 22, 17h 48m E.T. or 21h 27m 
IST. That was beginning of éaka era 207, Samvat 
era 342 and Kaliyuga era 3386. Julian day on March 
22 noon was 1825325 and kali elapsed days at 
midnight was 1236770. The day was sunday. Mean 
Sun (both tropical and sidereal) was 0'0'0" and 
"an moon - Mean sun) = 351'.67. Thus it was 


also à new moon day. In Besselian fictitious year, 
epoch was « 
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285 — —— = 2852222 A.D. 


The epoch is 1614.7778 years before 1900.0 
AD. From 0° Ayanāmśa of this epoch to ayanāmśa 
at 1900 AD, January 0.813 i.e. 19h 31m ET is 
22'27'43".51. Thus Ayanamáa from 1900.0 AD is 


2 
; t 
A = 22'27'43". 51450". 2564t+1”. 1115 [s +0”.0001 


100 
3 

zt. 

[ss 


This is formula in tropical years. In sidereal 
years, it is i 


‘ 2 
: t 
A = 22'27'43."40450".25835t* 1".1115 s * 0".0001 


100 
3. 
bs 
In Julian year, formula is 


2 
A = 22'27'43". 40450". 2575t+1”. 1115 [ss * 0".0001 


3 
PUE 
m 

Daily rate of precession in 1900 AD - 
0".137597 

If time is taken from 285AD epoch, formula 
in tropical years is 

A.-49".8981t*1".1073 (t.100)? + 0.0001 (t/100)? 
+ ---- 

There are similar formula for sideral and Julian 
years. 
Position of star Spica of 180° long in 285 AD - 

In 1950.0 AD its position was 


R.A. = 200° 38'19".6, Declination = -10'54'3".4 

Annual proper motion Aa = -0".039 Ad = 
-0".033 l i 
Tropical longitude = 203° 8'36"3 latitude -= 
-232".8 

Sidereal long =  179'.58'59".7 (Ayanaméa 
23'9'36".6) 

Annual proper motion in ecliptic system is 

“AA = - 07.0232, AB = -0". 0449 

Due to slow motion of plane of ecliptic, 
longitudes and latitudes of fixed stars undergo 


changes. Annual rates are as follows - 
AA = x cos (4 — J] ) tan £ Aß = -nx sin (A — ]D 


In 1950 AD In 285 AD 


[ = 07.4708 —. 0”.4824 
‘A=203° .4’, B = -2 3', à = 180° 0 , B =- 1°56’ 


[] = 174724 (Trop) 159° 12’ 

Hence AA = - 0”. 0147 — 0”. 0151 

A p = —0” . 2283 -o" . 1713 
Average value of AA= -0".0149, Af =.- 0^^.1998 
Proper motion - 0.0232, - 0'".00449 


Total anual variation AA= -07.0381, ‘Ag = 
-0” 2447 


In 1665 years (1950-285 AD), total variation in 
longitude is - 63”.4, in latitude - 6/47".4. Then 
Mrayana longitude in 285.22 AD is 180'0'3".1 and 
latitude is — 1*56/15".4 Thus at epoch, its nirayana 
longitude was 180* approx. 


3 
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Obliquity of Ecliptic to the equator - E 

€ = 23°27'8".26-46". 845T - 0”.0060T?. 
+0” .001837T? 5 


where T - julian century of 36525 days from l 
1900.0AD E.T. i 


Rate of variation per century is 
dc € 
dT 


When T? term has appreciable value, century : 
figures need some correction. Then putting T - 


- 46".845 - 0".012 T + 0".00549 T? 


t 
+ 
Tc 


(Tc = completed centuries, t = extra years) 
€ = 23'27'8"26-46" 8457 Tc - 0”.006T? + 
0.00183Tc? 


7 t 
+ (-07.00651 Tc + 0".00549 T2) x An 


Mean Longitude of Sun - (L) - Epoch is 1900 
AD, Jan 0.0 ET. i.e. 0h0'4".4 universal time, T = 
Julian centuries of 3 6525 ephemeris days from 
epoch. According to Newcomb, sun's mean tropical 
longitude, freed from aberrations is 


L-279*12'13".88 + 129602768".13 T41".089 T? 

Motion in a century of 36525 ephemeris day 
is 12960 2768."13 = 360°. x 100427".6813 x 100 
- 4 46'8".13 

Daily motion is 0'59'8".3304074 

If Tc is completed century, t - remaining 
years, d - extra days, ] 
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L = 277 12'13".88 + (46'8".13)) Tc + (59'8".330) 

t 
x + 2.17 re 
d + 17.089 Tc? 2.178 Tc x 108 
Sidereal or Nirayana Mean Sun (L^) is 
L’ = 256'44'30".48 + 129597742".38T-0".0225T? . 


-0."0001T? 

Motion in a century = 360° x 100-22’.5762 x 
100 = -37'37".62 i 

Daily motion = 35488”. 192 80988 = 
0*59'8".1928098 
Sun's Perigee (=II) and Mean anomaly (=g)) 


Trop II = 281'13'14".92 + 6189".03 T41".63T* 
+ 0".012T? 


Sid II’ = 258'45'31".52 + 1163". 28 T + 0."52 
T? + 0".012T? 
Motion of II’ per century = 19'23".28, per year 
= 11”.63, per day = 0".0318 

Mean anomaly of the earth or the sun 

-g-L-Iorr'-Jr 

g = 357'58'58".96 + 129596579." 10 T-0".541T?- 
0".012T? 

Daily motion = 0°.9856002670 = 3548".160961 
> Hence the period = 365.2596413 ephemeris 
ays, 


. Mean anomaly M in days is obtained by 
dividing g by daily motion and adding a constant 
0f 5.37018 days 


M = 3.32376 + 36525 T - 0.0001525T? 
~ 0.00000341^ . 
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36525 days = Period x 100 - 0.96413 days. 


Mean Elongation of the Moon in days 


Brown’s Moon 
= 263°50'45”.48+1732564379".31T - 4” 08T? + 
0".0068T3 


Newcomb's “sun = 279° 12'13”.88 + 
129602768".13T + 1".089T? 


‘D=Moon - sun 
= 344° 3831”. 60+1602961611”. 18T. - 5"69T? + 
0".0068 T? 


Daily motion of D = 43886” .697089 

Period = 29.53058867 days 

Converting into days 

D = 28. 2/009 +. (period x 1236425.192399)' T 
-- 0.0001178T? + 0.000000155T? 
Venus and Sun - Mean Tropical Venus is 

341'57'57".49 + 210669162".88T + 1".1148T? 

V = Venus - Sun 
= 62'45/43".61481066394."75T + 0".0258T? 

Daily motion of V - 2219".4769, period. 
583.921373 days. Converting into days 

V= 101. 8004 + (period x 62 + 321.87487) T + 
0.0000116T? 


Sun and Jupiter - Mean Tropical Jupiter is 
238'0'27".69 + 10930687.15T + 1".205T? 
J = Sun - Jupiter = 41° 11'46"]19 + 
118672080".98T - 0".116 T 
Daily motion of J = 3249” 064503 
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Period - 398.884048 days 
Convereting into days, we get 
J = 45.6458 + (Period x 91 + 226.55163) T 


0.000036T? 


Nodes of Moon - Tropical longitude of the 
node is l 

Q = 259'12'35".11-6926911".23T4 7".48T? 
+ 0”.008T? 

- Q = 100°47’24”.89+6926911”. 23T-7".48T? 
- 0”.008T? 

Daily motion = 4190".63412, Period = 
6798.36327 days converting into days expression 
for - € and adding a constant of 0.818 days, No. 
of days N since tropical longitude of moon's mean 
node. was zero is 

N = 1904.177+ (period x 5 + 2533.1835) T - 
0.003924T? - 0.000042T* 


Julian day Number : 


Pope Gregory introduced in 1582 AD year of 
_ 365.2425 days by omitting 10 days (Oct. 5 to Oct. 
14)) from calender. Before that, there was leap year 
in every 4 years. In Gregorian calender, 97 leap 
years come in 400 years. Years divisible by 4 or 
centuries by 400 are leap yeears of 366 days. Normal 
year is of 365 days. i 


Julian days are numbered serially from Jan 1, 
4713 B.C., Monday at Greenwitch mean noon. 


Besselian Fictitious year begins when the 
tropical mean sun is 280°020”.5 or the same 
unaffected by aberrations is 280'0'0". Nofation like 
1900.0 AD. is used for this year. 
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Let K = time from beginning of Besselian year | 
upto beginning of calender year i.e. Jan 0, oh E.T.? 
for common year or Jan 1, Oh E.T. for leap year.: | 


Day from beginning of ficitious year - Day of, 
year * K 


K = - 0'486".64129 602768".13T + 17.089 E 
Daily motion - 3548" 3304074 ; 
Period of length of Tropical solar year -: 
365.24219878 days i 
K in days = - 0.8135 + (perod x 100 + 0.780122) 
T + 0.000307T? ) 
Inequalities of long period. in mean longitude; 
ÓL-46".40 sin (231°.19+20°.20T)+(1”.882—: 
0".016T) x sin (57°24+150°.27T)+0”.266 sin 
(31°.8+119° .0T)40".202 sin (315°.6+893°.3T) 
First term has a period of 1782.2 years (century 
variation of 207.2) i.e. 1° in 3548 days. r 
OL = + 6".40 sin [(AD year - 755.5)x0.202)] 
Equation of Centre: e - eccentricity of orbit, 
g = mean anomaly (written as m in derivation of 
formula). 


Equation of s 

11e* 13 , 
Qe - 3 sin g + Ge = ore) sin 2g + 128 
103e* . 
sin 3g + “gg 9g 


Here, e = 0.016,751, 04-0.000,041,80T- 
0.000,000,126T? = 0.016, 75104-0.000,041,80 (T+.00- 
301T?) 


Multiplying by 206264.8 we get 
= 3455".150 - 8".621 (T+0.003T?) 
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So equation of centre = + 6910'.057 Sin g + 
72/.338 sin 2 g + 1".054 sin 3 g + 0".018 sin 4g 
17”.240 (T + 0.003T?) sin g — 0".361T sin2g. 


Perturbations to Sun - 


Action of Moon - Longitude of sun (or earth 
in opposite direction) is the longitude from centre 
of mass of earth and the moon. This is called 
geometric longitude. The origin is to be transferred 
to centre of earth. 

Radius of earth is taken as unity, []' and [I 
are horizontal parallaxes in seconds of arc of moon 
and sun respectively, 6’ are f are their latitudes. 
Distance of mass centre from earth centre in 
direction of moon 
206265 2506.3 


~ 82.30 [T TI’ 
(Ratio of earth mass to moon mass is 81. 30 
adopted in 1968) 


= 2506.3 x I Cos f’ sin (D-O) 


B = 2506.3 x AL sin g 


Substituting numerical values - 
AL = 4 6". 44 sin D - 0".42 sin (D-g) 
Sun's latitude B = + 0".58 sin U, or + 6". 

sin 8’ or roughly 0.11 x moon’s latitude in seconds 
U = Mean moon - lunar node 
A log R = + 0.0000134 Cos D. 


Action of other planets 


Action is calculated in terms of Q - difference 
in heliocentric latitudes of the planet and earth. 
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Due to elliptical shape the deviation due to planets: 
also depends on g and (W'-W) where 

:: - mean anonaly of earth (i.e. of sun) 


= Longitudes. of the planet's perihelion, ; 

W = edo of earth 

T is in 100 years from 1850 AD then 

K' -W'-W = 29'5/55"-18'40"T (Venus) _ 

K” = W'"-W = 232°56'11” + 718"T (Mars): 

K's W” - W = 2713316" - 633"T (Jupiter): 

Century variatiéns of these quantities are very. 
small, and they:can be ‘consiaered a as constants fot: 
` 1000 years or more 
.g = hehiocentric lat. of ‘earth — W 
g = hel. long. of the planet — W' (e.g. for: 
| venus)) 
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= planet | -k-W 
- (Planet-earth) + (earth - W) - K’ 
=Q+g-K l . 
Perturbations due to venus (Approx New- 
comb formula) 
Pert = + 4.84 sin Q - 5.53 sin 2 Q-0.67 sin3Q; 
- 0.21 sin 4Q - 0.12 sin (2Q+g) - 2.50 sir 
(g+12"-2Q) . : 
- 1.56 sin (g+12°-3Q) + 0. 14 sin (g+12°-4Q) - 
- 1.02 sin (2 g + 40°-3Q) - 0.15 sin (2 g+40° AQ) 
. 40.12 sin (2g440'-5Q) — 0.15 sin (3g+56° -59) 
Corresponding formula given by Le-Verrier is 
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Pert = + 4.91 sin Q-5.61 sin 2 Q-0.67 sin 3Q 
_ 9.21 sin 4 Q - 2.52 sin (g-2Q + W-90°) - 1.58 sin 
(g3Q*w-90 : ) i 

For first approximation, calculation is based 
on Q only, then for M = g+5°.29, it is calculated 

Perturbations due to Jupiter - Newcomb 
formula is ` 

Pert = + 7.21 sin (Q-1°5’)-2.73 sin (2 Q - 0°15’) 

- 0.16 sin (3 Q + 4°51’) + 2.60 sin (Q4g-84' 46’) 

- 1.61 sin (2 Q + g - 22°.6) - 0.56 sin (3 Q 
+ g + 87°2) 

- 0.16 sin (g-Q+20°.1) - 0.21 sin (S Q +2 g 
+ 77°) , 

First three terms according to Le verrier are 

+ 7.20 sin (Q-1°5’) - 2.73 sin (2 Q-18’) - 0.16 
sin (3Q + 5°) 
These terms are tabulated for Q, then for Q 
and M. 


Perturbations due to Mars - Newcomb for- 
mula is 

Pert = + 2.04 sin (2Q+15’) + 0.27 sin (Q-0°.6) 

- 1.77 sin (2 Q+g-36° 16’) - 0.58 sin (4Q+2g+84") 

- 0.50 sin (4 Q + g - 47°) - 0.43 sin (3 Q + 
& - 47°.7) 

Aberrations - Correction in longitude due to 
aberration of light in earth's atmosphere is 

- 20".50 - 0".34 cos g 
Nutation : 

. Tropical longitude is calculated from mean 

*quinox of the date. Correction due to nutation is 


to be made in tropical longitude, but, not necessary 
or nirayana longitudes. 
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Solar nutation = - 1".27 sin 2L40".13 sin g 
— 0.05 sin (3L+79") 4 
Lunar nutation = - 17”.23 sin Q + 07.21 sin, 


222 

Principal term of the lunar nutation is slowly; 
increasing at the rate of 0".17 per thousand years; 

In the obliquity .of ecliptic, 

Solar nutation = + 0.”55 cos2L + 0.02 cos 
(3L+79°) 

Lunar nutation = + 9".21 cosQ - 0".09 cos 2 


Here L and Q are the tropical mean longitude 
of the Sun and the lunar node respectively. 


Radius Vector 

Radius vector is expressed in terms of mean ' 
distance of earth from sun. Mean distance is ` 
expressed by Gauss formula based on Keplar’s third! 
law 3 

a'n? = k? (14m) 

where k is Gaussian gravitational constant - 
3548".187607 


m = mass of earth and moon, taking sun 
mass as unity 


n = observed sidereal mean daily motion of. 
earth. i 


a = mean distance from sun to mass 
of earth and moon. 

Value of k is based on sidereal period 
365.256898 days of earth considered as particle, 


without mass or of 365.256344 days with adopted 
value of mass. 

With Newcomb's value of m= 1+ 329390 and 
n= 3548”.19282, we get log a = 0.000,000,013. 

Long term effect of attraction of inner planets 
is equivalent to an increase in mass of sun, to 
balance it, radius vector a increases. Observed daily 
motion n remains constant. 

Elliptic term of radius vector is (equation 11) 


e 33 l> 1 
= Z END — (=e lg 
R=aflt+> (e ge O88 Ge 36 ) cos 2g 


35 lia 
- 3e cos 3g 3° 


and log R = log a + log (1 +>) - MIG T 358) 


cos 4g ] 


33 32 M4 | 
t (e 3° ) cos g + (Ze 24* ) cos 2g. 


ga 71 4 
—À — 4 
+ gE 95 3g +. get S g. ] | 
where M is the modulus of common logarithm 


= 0.434294. 
Taking value of e for 1900, 


R = 1.000, 140,5 - 0.016, 749, 2.cos g - 


0.000,140,3 cos 2 g 

` =- 0,000,001, 8 cos 3 g - 0.000,000,7 T + 

255/019 (T40.003T?) cos g + 0.000,000, 7T Cos 
g ^ 

Log R = 0.000,030,6 - 0.007,274, 1 cos g - 

0.000,091, 4 cos g - 0.000,0015 cos 3 g - 0.000,000,15 

T + 0.000,018,14 (T + 0.003T2) cos g + 0.000,000,46 
cos 2 g. 
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Terms free of T are value for 1900 A.D. Terms 
with T are secular variation. * 


Effect of planets on radius vector - i 

Due to venus = - 1”.12 cos Q + 3”.25 T 

(2Q+7’) + 0".50 cos (3 Q - 1*5) + 0".18 cos (4Q-2°.4) 4 

+ 0".08 cos (5Q-3°) a 

Log = - 2".36 cos Q + 6.84 cos (2Q+7’) + 1. o5] 

cos (3Q-1'5) + 0".38 cos (4Q-2°.4) + 0.16 cos 61 

Q-3°) j 

Jupiter = + 3".36 cos (Q-1'6) - 1".91 cos] 

(2Q--13’) - 50.13 cos (3 Q + 4°31’) 1 

Log = 7.07 cos (Q-1°6’) - 4.03 cos (2Q-13^-0. 28] 

cos (3Q+4°21’) E 

Due to Moon = + 6".35 cos D or log = 
13.36 cos D. 


Sun's semi diameter and horizontal parallax - — 
At unit distance, apparent semi diameter of] 
sun = 961".18 and horizontal parallax = 8".794. Ati 
any distance, Semi — diamter = 961".18 /R =} 
16'1".18416".10 cos g40".27 cos 2 g 1 
Parallax - 8"794/R - 8".7940".15 cos g. 
For calculation of eclipse, allowance of 1". 551 
is made for irradiation. Then true semi diameter 
at unit distance is 959".63 3 


Reduction of Rt ascension and declination ! 
4 = tropical longitude of the sun, a = right 
ascension, T 


True Planets 151 


6 = declination, € = true obliquity of ecliptic 
to equator, 


dó : 
= sin a 


Sin 6 re | 


Sin À sin c and 


tan @ = tan À. cos € 


1 
or @ = À- (tan? 5 sin2 À— 2 tant 2 sin 4 À 
+ 13 tan’ 5 sin 6 4) l 


d $ 
a SnD tae = 20 2168 Bla 6 
de 2 


Sidereal Time - Sidereal time at any instant 
is defined to be west hour angle of the First point 
of Aries (Vernal equinoctical point) from the upper 
meridian of the place. 

. Sidereal time. at mean noon (i.e. -12h local 
mean time) on any day is the right ascension of 
the fictitions mean sun, which is defined to be the 


tropical mean sun at moment as affected by mean 
aberration. 


At mean midnight, sidereal time is 12h (i.e. 
180°) + R.A. of fictitions mean sun for the moment. 


Sidereal time at Greenwich mean midnight - 
6h6™ 475,558 + 8640184°.542 T40*.0929T? 


where T is Julian centuries of 36525 days from 
1900 AD, Jan 0, 0^ or E.T. 


Motion in a century = 1003 + 0*3 m4°.542 
Motion in a day = 3" 565.5553605 


Equation of Time - Local apparent time - 
Local mean time 
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Local apparent noon = 12^ L.M.T - equation 1 
of time (E) E 
At 0^ ET, Equation of time - Apparent | 
sidereal time - Apparent R.A. of sun. ; 
E = R.A. of mean sun - R.A. of true sun 


Both are affected by aberration and nutation..j 
True sun is also affected by perturbation. Omitting : 
aberration and nutation from both sides, only ; 
perturbation A remains in true sun. i 


True Sun = L + equation of centre 
E = L - (L+Eqn of c) + tan? 5 sin 24 
- lani sin 4 44 : tan* $ sin 6A - 
2 2 3 2 . 
- effect of perturbation in longitude - | 
Te of centre in seconds of time is 
+ (460.67 - 1.149T) sin g + 4.82 sin 2g+0. 07: 


i 


Led 


sin 3g 

Value in arc is, tan? 5 5*0. 0430836-0. 0000491 | 
T " 
‘In seconds of time, tan? £ a = 592.44-0. 675 T. 
So equation of time (in seconds of time) is . à 


- - (460.67-1.149 T) sin g - 4.82 sin 2g - 0.07 || 
sin 3g + (592. d 0.675 T) sin 24 - 12.76 sin 44+ l 


0.36 sin 6A - 5 perturbation in longitude. 
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4. Equation for other planets 


Basic constants of Mercury 


is 


Mean longitude, L for 3200 BC, Jàn 0.5 epoch 


L.- 49.677936 + 538106654".8 T-1".084T? 
L for 1900 AD epoch is 173° .303523 (51 


centuries - 13 days) 


+ 13 


Mean anemaly, g for 3200 BC is 
g = 53°.107661 + 538101055.04T - 0”.024T? 
g for 1900 AD is 98°.169610 

Argument of latitude, U is for 3200 BC 
U = 62°.977228 + 538102388".05T-0".458 T? 
U for 1900 AD is 136°.609863 
Constants for venus .- 
Mean longitude L for 3200 BC (-51 centuries 
days) 

= 285°. 18561+210669162”.88T+1”.1148T2 
L for 1900 AD is 341°.97032 
Mean anomaly g for 3200 BC is 
g = 223°.83111+210664093.95 T + 4”.63 T? 
g for 1900 AD = 214°.34622 
Argument of latitude U for 3200 B.C. is 
U = 252*.312064210665923".42T40".3612T? - 
U for 1900 AD is 266.59425 
Constants for Mars - for 3200 BC 
L-33*.370172468910117".19 T - 1".1184T* 
&£ = 152'99708 + 68903493.19T-0".651T?- 


0".0192T3 
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U = 23°.923117 + 68907340."7 T - 1”.1234T? - : 


00” .00192T? 
For 1900 AD epoch constants are 
L = 292'416147, g = 318°. 387964 
U - -242*. 918470" 
Constants for Jupiter - For 1900 AD are 


L = 238'.0496410930687".148T41".20486T? - 


0".0059361? . 


U = 138°.60587+10927049”.24T + 0".06314T? + 
- 0".024704T? 


g = 225°.32833+10924891”.286T+2”.59772T? + 


0”.06314T? - | 
Long period inequality in longitude L is _ 
E = (1186".618572 - 0”.0347004 t + 
0” .000033372t?) SinC - 12".013596 sin 2C : 
where t is number of years from 1800 A.D. 
C= 95°.8814+0°.38633184 t + 0°.0000351. t? 
Constants for Saturn - for 320Q BC are 


L = 147°.9623+4404635”.581T-1”.16835T? 
-0".021T? 


g = 156°.74269+4397585” .284T-1".80655T? 
— 0"0376T? 


U = 79°.704558+4401492” .0785T-1" .7162T? 
- 0".0019T? 


Constants for 1900 AD are 
L = 260*.46036, g = 172°.74219, U = 152°.43062 
Notes : (1) Newcomb’s formula has been 


corrected by Rossi for Mars. There are other . 


perturbations for planets also which have not been 
written. ; 
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(2) Moon's motion in detail will be discussed 
in the next chapter. 


(3) From these constants, equations of centre 
and radius vector can be obtained. 


(4) Value of eccentricity also changes. For the 
present century, values given in chart can be taken 
as constants. 


(5) From these equations, constants are tabu- 
lated for centuries. Then by ratio, they are fixed 
for specific years. 


(6) Equations of centre and radius vector give 
true positions from the constants of year. 

(7) Longitudes and latitudes are reduced to 
ediptic. 

(8) Heliocentric longitude and latitude are 
converted to. geocentric values. 


Let S he longitude of Sun, R its radius vector 


H is heliocentric longitude of planet, b its 
latitude 

r is radius vector from sun of planet, 

x is geocentric longitude, y is latitude 

r cos b sin(H — S) x-:S4P 

R + r cos b cos (H -— s) ' 
rsinb sin P 
R + r cos b sin (H — $) 

5. References - (1) Any text book on modern 
coordinate geometry, Trigonometry can be referred 
for these formula. 


(2 Dynamics of planetary motion has been 


explained in Dynamics of Rigid bodies by A.G. 
Webster. 


then tan P = 


tany = 
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(3) Derivation of formulas can be referred in 
books on spherical trigonometry. Inportant books 
are (1) Spherical Trigonometry by Gorakh Prasad, 
Pothishala, Allahabad - 2, (2) A hand book of 
Practical Astronomy by R.V. Vaidya, Payal 
Prakashan, Nagpur (3) Astronomy by G.V. 
Ramachandran,  Tiruchirpalli (4) Practical 
Astronomy by Schroeder, published by Werner 
Lauries, London (5) Astronomy by R.H. Baker - D 
van Nostrand, East West Edition (6) Celestial 
Dynamics. by W. Smart - Longman, Green (4) 
Astronomical charts were published by Simon 
Newcomb in 1899 and 1906 but they are out of 
print. Nautical Almancs published by govt. of 
India, specially Ist edition of 1958 can be referred. - 
Tables of sun have been published by Sri N.C. 
Lahari from Calcutta in 1993 (revised edition.) 


Translation of the text 


Verse 1 - Scope and definition - The position 
in which graha in seen from earth is to be found 
by calculation. This process is called Sphutikarana 
of graha or making is sphuta. The graha give 
results according to the position they are seen. 
Hence method for making a graha sphuta is being 
explained. 


Verses: 2-5 - Reasons of planetary motion - 
Celestial sphere containing graha and mnakéatra 
revolves around earth once in a day from east to 
west due to attraction of a wind (Pavana) named 
Pravaha rotating round earth. This is called daily 
motion. 


Graha move in opposite direction from west 
to east compared to stars (or nak$atras) with slow 
speed according to their own enregy. This is called 
natural speed of a planet (svabhavika gati). There 
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are deviations from this average speed of planets 
under influence of ucca (Sighra and manda). 
(According to Sürya siddhànta) Invisible forms 
of kala like $ighrocca, mandocca and pata residing 
in celestial sphere are reasons of planetary motion. 


Notes (1) Daily moiton is due to rotation of 
earth around its axis. Earth appears fixed to us 
and stars rotate in opposite relative motion. Reason 
of earth's rotation is due to initial conditions of its 
formation, now it continues due to inertia. That 
inertia is assumed to be ‘Pravaha’, an imaginary 
force in vacuum. This is similar to assumption of 
ether for propogation of light in vacuum. 


(2) True position of a planet is, closer to 
mandocca (farthest point in elliptical orbit) com- 
pared to its mean position. Due to that reason 
attraction by: mondocca in seen. Similar is case with 
sighrocca. 


(3) Pata is point of intersection of planetary 
orbit with ecliptic due to its inclination. Hence, 
pata appears to repulse a graha away from ecliptic. 


Verses 6-9 - Nature of motion - Mean sun 
moves around earth between nakSatra and orbit of 
grahas. Other planets like mars are in orbit round 
mean sun and along with it, they also revolve 
round earth. Hence (mean) sun is called attractor 
of all. From dainika gati of Mangala, Brhaspati and 
Sani - dainika gati of ravi is more and they are 
attracted by ravi. Hence ravi is called $ighrocca of 
these planets. 


Compared to Budha and $ukra, speed of ravi 
IS slower and it always remains between them. 
Hence Budha and Sukra are called their sighrocca. 
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Notes (1) Outer planets are almost in same 
direction from earth as from sun. Minor correction 
is due to position of sun from earth. 

(2) Inner planets are within a small distance 
from sun which is their average position. First 
correction for their true position, is due to their 
own motion. Hence they are own Sighrocca. 

Verses 10-16 - Slow, fast and reverse motion 
- Planets in successively farther orbits from sun 
are - budha, $ukra, mangala, brhaspati and Sani. 
Hence their angular speed appears progressively 
slower from -earth (if linear speed in orbit is 
assumed to be same). 

Like ravi, moon also is rotating round the 
earth, but from very close distance. Hence angular 
speed of moon is largest, though its linear speed 
(in yojanas etc) is small. 

Budha and áukra are close to ravi, compared 
to earth. Therefore, they are seen with ravi after 
12 rāśi (full rotation), as well as, after 6 rà$i (half 
rotation). 


Mangala, brhaspati and Sani are farther from 
ravi - compared. to earth. Hence, they appear 
together with ravi at 12 rasi- difference and in 
opposite direection at 6 rasi difference. 


When earth is in one direction of ravi, and 
star planets (tara graha) mangala, budha, guru, 
$ukra and Sani are in opposite direction - then the 
graha appears to move in forward direction (màrgi 
gati) 

If a tara graha and earth are in the same 
direction of ravi, then the graha appears to move 
in reverse direction (vakri gati) due to difference 
between mean and Sighra speeds. (Figures 7, 8) 
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Notes (1) Explaination of forward and reverse 
speeds - Figure 7 indicates relative speeds of earth 


0' Vernal aquinox 
38 


180° 
Figure 7 - Foreward and reverse speeds of Inner planet (Budha) 


Verna! equinox 


90° 


Earth Orbit 


180° 
Figure 8 - Foreward and reverse speeds of outer planet (Mars) 
and an inner planet Budha. Figure 8 compares 
earth's motion with an outer planet mars. Numbers 


1, 2 -—-8 indicate successive simultaneous positions 
9f the planets in their orbits. Ecliptic is a much 
bigger circle whose 0" stars from vernal equinox. 

the circles are in same plane and the movements 
are in positive direction (anticlock wise). Line of 
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sight from position 1 of earth to simultaneous | 
position of planet 1 on a point on ecliptic is marked } 
1. Point 1, 2 --- 8 on ecliptic are apparent directions 
of the planets seen in ecliptic after regular intervals. 
Speeds in inner orbits are faster. 


Figure 7 shows that 1,2,3 positions indicate 
forward movement of Budha. After point 3, budha ' 
comes on same side of sun as earth and moves, 
backwards in positions 4 and 5. Between 5 and 6, 
it is almost stationary before moving forward again 4 
to positions 7 and 8. 


Similarly, positions 1 to 5 in figure 8 indicate 
forward motion of mars. At 6, it moves back wards ` 
when earth and mars both are on same side of , 
sun. Actually ecliptic circle is at almost infinite | 
distance and position 7 also is in backward direction 1 
from 6. But due to small construction of ecliptic it | 
looks forward. From position 8, planet again moves 
forward. 


(2) Fast and slow speeds - Angular speed is.” 
arc length divided by radius in unit time. Hence | 
for same arc length in unit time, angular speed ! 
will be less for large radius. Thus farther planets 3 
will look slower. In siddhànta text, this was: 
considered only reason for slow speed. But linear ? 
speed also becomes slower as explained by Keplar's 4 
law (to balance lesser gravitational pull). 


Verses 17-18 - Five tara graha revole round 
the sun at constant distance in east direction. They | 
are attracted by their mandocca and Sighrocca ravi. 
They always' remain in bha-cakra (ecliptic circle). 


Earth is in centre of bha-cakra, ravi is at the ; 
centre of five tara graha. Hence at full circle (12 : 
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rasi) or half circle difference, earth is in same line 
as sun and the planet. 


Verse 19-22 : At 3 rāśis after cakra or 
cakrardha (90° after 360° or 180° - i.e. 90° or 270°) 
i.e. at the end of odd quadrant, difference between 
planet's direction and sun's direction is maximum. 
Hence Sighra paridhi is different at the end of odd 
and even quadrants (0°, 360°). 


Circle of nakéatras (bhakak$a) is 360 times 
away from its centre earth, compared to distance 
of sun's orbit from earth. 


Division by this ratio (hàra) 360 into degrees 
of 1 revolution (360°) we get 1° which is difference 
between Sighra paridhi at the end of odd and even 
quadrants. 


I (author) wil explain the difference between 
nica and ucca paridhi. This can be seen direectly 
by observation, so presumption is not necessary. 


Explainations (1) Difference in sighra paridhi 
at end of odd and even quadrants is due to elliptical 
shape of planetary orbits. The difference depends 
on eccentricity of the orbit. It will be explained 
later on while explaining motion on $ighra and 
manda paridhis. 


(2) The assumption is that difference in points 
of observation causes difference in paridhis. At 90° 
or 270° Sighra kendra, difference is maximum due 
to sighra motion. Difference in heliocentric and 
geocentric position will be angle made by radius 
of sun orbit at distance of star circle. Difference of 
l' will be observed from 57.3 times the distance. 
This assumption will be correct if stars «orbit is 
Considered 60 times away compared to earth's orbit. 
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This figure has been accepted by Aryabhata, Sürya 
siddhanta and all others. 360 times the distance 
will give less than 1°/6 difference. Reasoning is 
wrong in both ways - about reason of difference 
in sighraparidhi and about the angle of difference. 

(3) Siddhanta darpana has taken sun’s dis- 
tance about 11 times the figure accepted in classical 
siddhàntas (based on 72,000 yojana diameter in 
Atharva veda is stead of 6,500 yojana in siddhanta). 
He has increased distance of stars further 6 times. 
Even after increase of about 66 times, it is still 
highly under estimated. Even the nearest star (4.4 
light years) is 2,80,000 times the distance of sun. 
Rohini at 14 lakh. times and svati about 87 lakh 
times the distance are other nearest stars. 


Verses 23-27 - Attraction of ucca - Planets 
starting from ravi (all) are attracted by gods named 
their mandocca by chord of air (invisible force of 
attraction to an imaginary point mandocca). Hence 
true planets (spasta graha) are always deviated 
towards mandocca from their mean position (mad- 
hyama graha). 

Planets with slow motion of own and attracted 
by their mandocca, also move under influence of 
pravaha from east to west (due to daily motion of 
earth). 


(From Sürya siddhanta) - Planets being always 
(day and night) under attraction of their ucca, move 
in different ways - sometimes east or west. When 
ucca is in east semicircle of the planet, ucca pulls , 
the planet towards east. When ucca is in western : 
semi circle, it pulls towards west. Direction of ucca 
on a circle is always same, but it is called east in 
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one semi circle and. west in the other. When the 
planets move towards east under attraction of ucca, 
the deviation is positive and in west it is negative. 
(Normal motion of planets relative to stars is 
towards east hence deviation in same east direction 
is added and in opposite direction, substracted.). 


Explaination - (1) Actual orbits of ravi and 
candra are elliptical round the earth (relative motion 
of ravi). In such an orbit earth is not at centre but 
on a focus. Thus centre.of planetary motion is 
deviated towards farther end of major axis called 
mandocca. It is called so because at this position 
candra is farthest and hence slowest (ucca and 
manda) To a first approximation mean planet 
moves in a circle round earth at the focus. Next 
approximation assumes motion in an eccentric circle 
with centre at centre of the elliptic orbit. All the 
points of this circle are thus deviated from 
corresponding position of madhya graha towards 
mandocca. Hence mandocca appears to attract the 
planet. More accurately, mandocca doesn't attract 
because in such case, speed of the planet will be 
increasing in that direction. It should be maximum 
at mandocca. But it is only a deviation or 
displacement towards mandocca. This will be - 
explained _mathematically while computing the 
corrections. ; 

(2) If we rotate along a circle, after reaching 
mandocca, the movement will be away from it upto 
180° difference. In remaining half it will be towards 
mandocca. Since attraction is always towards 
mandocca, 0° to 180° circle after it is considered 
negative or western deviation. 
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Verses 28-33 - Vikéepa and pāta - Orbit of ; 
planets starting from moon (except ravi) are at an | 
angle with the kranti vrtta (i.e. apparent orbit of | 
ravi). It meets kranti vrtta at the points, where the 
circles bisect each other (being great circles of a. 
sphere). Half of the orbit is north of kranti vrtta 
(upward direction of right hand screw rotating in: 
orbit direction). Other half is south. At pata, the: 
planets are on kranti vrtta; Away from pata they 
are deflected towards north or south slight from 
Krànti vrtta. Hence pàta is considered reason of 
north or south deflection called vikSepa (or Sara). 
Sara is distance of perpendicular from graha on 
Kranti vrtta, measured in kala or minutes of angle). 
Foot of perpendicular is manda sphuta graha. 


(From Surya siddhanta) - When planet is 
ahead of its northern pata by 0° to 180', it is 
deflected northwards. (Hence this pata is called 
northern pata or pata, in short). Then pata is 
behind the graha and called in west. Pata in east 
(or before the graha) deflects it towards south. 


Budha and $ukra revolve with sun (being in 
inner orbit). Their Sighrocca is the planet itself. So 
pata east from Sighrocca causes south Sara. In other 
half of orbit it is north Sara. 


When pata is with graha or 180° away, graha 
is on one of the pata points and hence on the 
kranti vrtta. There is no Sara in that position. When 
difference between planet and pata is 90° or 270° 
(end of odd quadrants), Sara is maximum (parama). 

Mean parama Sara of planets is given below 
(compard with modern values given in introduc- 
tion) 
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planet Sara in Kala Degree Modem Value 
Candra 309 5'9' 5'8'42" 
Mangala 111 1°51’ 1'51'0" 

` Budha 164 2°44’ 7°0' 14” 
Brhaspati 78 . 1°18’ 1°18'21” 
óukra f 148 2'28' 3'23'39" 
Sani 149 2°29 2'2925" 


Notes (1) Siddhanta darpana figures are an 
improvement over previous siddhanta books ac- 
cording to comparative chart given below. Except 
two inner planets, this compares well with modern 
values. 


(2) Pata according to other texts 
Sürya Brahma sphuta Mahà Ptolemy 
Siddhànta Siddhànta & siddhànta 
Siddhanta Siromani 


Candra 4°30 4°30 4°30 5*0 
Mangala 1°30 1°50’ | 1'46 ro 
Budha 20 2032! 218 ro 
Guru 1o 1°16 1°14’ 1°30’ 
Sukra 2°0' 2716 2710 3°30 
- Sani 200 2°10’ 2710 2°30’ 


(3) While figures of siddhànta darpana for 
moon and outer planets are very accurate, it looks 
wrong for budha and $ukra compared to modern 
figures. Reason is that the modern figures are 
heliocentric whereas these are geocentric. 

In this figure 9, E is earth centre, S is sun 
centre and ESA is Kranti Vrttà, cut by plane 
Perpendicular to budha orbit. This plane tuts 
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B 


Figure 9 - Pata of inner planet 
budha orbit at points B and B'. As seen from sun, 
budha orbit makes angle BSE or B'SA with kranti 
vrtta. From sun this is parama $ara. As seen from 
earth, parama Sara is ZB'ES or ZBES (almost equal 
because budha orbit is small). 


If ES is taken as 1, then mean radius of, budha 
orbit SB = SB’ = 0.3871. 
sin Z BES sin Z BSE 


BS B BE 
"or sin Z BES = D x snzBSE 
or sin = BE S 


0.3871 
= X sin P of 14" 


= .3871 x 0 .1219- 0.0 472 

or Z BES = 2° 42’ 

which is very close to value for budha in this 
book (2°44’) 

Relative distance of Sukra is 0.7233 hence its 
angle 0 is given by (as seen from earth) 

Sin 0 = .7233 x sin 3'23'37" 

= .7233 x .0592 = .0428 

or 0 = 2°27’ which is only 1’ less than 
siddhanta darpana. 

Verses 34-41 - Types of planetary motion - 
Motion of planets as seen from earth’s surface is 
called sphutagati. Sphuta gati is of three types - 
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forward (prāk or mārgī)) gati, reverse (vakrī) gati 
and zero motion ($ünya gati). 

Forward motion is of five types, reverse 
motion of two types and one zero speed - these 
are eight types of motions of planets starting from 
mangala (Ravi and candra have no reverse motion). 


From Surya siddhanta - Eight gatis are named 
- 1. Vakra 2. Anuvakra, 3. Vikala, 4. manda, 5. 
mandatara 6. sama, 7. Sighra and 8. Atisighra. 


Reverse motion starts reducing in later half, 
itis called vakra. At the start of reverse motion it 
is increasing. Then it is called anuvakra. 


When forward motion is less than mean speed 
and is still decreasing, it is called mandatara,.when 
it is increasing, it is called manda. 


Spasta gati equal to mean speed is called sama. 
Spasta gati more than mean speed and still 
increasing is called sighratara. When decreasing it 
is called $ighra. 


Ravi and candra are affected only by mandoc- 
ca (not gighrocca). They have only five types of 
speeds - 1. manda, 2. mandatara, 3. sama, 4. Sighra 
and 5. éighratara. Their meanings are explained 
above 


Verse 42 - Sphuta method - (From sürya 
Siddhànta) Now, I tell will respect, the method of 
making a graha sphuta by calculation, where mean 
Planets arrive due to 8 types of speeds at the 
Observed place. (drk-tulyatà = calculation equal to 

. Observation). 


Verses 43-46 - Explaination of arc and its sine 
~ Now, I tell the method of calculating sime and 
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arc, which is used in many sciences and by. 
knowing which, peopie get the title of acarya . 
(doctorate). 


As a cloth is interspersed with threads, a pola E 
(sphere or its circles) is also mixed up with sines 
and versed sines. (sine can be found between any | 
two points of a sphere or circle and hence they - 
are infinite in number). 


To find the sine (jyà) of a radius inclined with 
starting radius at 0°, we make a jya of same arc 
in opposite direction. Graha is on top of jyarddha 
(end of radius vector) with which calculation is 
made. It is also called jyà in short. Half part of a - 
circle or full revolution (bhacakra) looks like a bow 
(capa). The bisecting line of circle passes through 
its centre and is called diameter (vyàsa). 


Verses 47-54 - Method of Calculating sines - 
For 3 rasi (90°)jya, Kotijya have extreme values. 
Jyà of 3 rāśi passes through centre and is equal to 
radius. Then it has greatest value, Kotijya is 
distance of this jya from centre and is 0 here (for 
90°). 

96th part of a circumference is very small and 
almost a straight line. Hence it is almost equal to 
its jyà. Thus 1/8 part of a rāśi lipta (1800) i.e. 1/96 
of circle is 225 and is equal to first jya. 

First jyà is first khandantara (difference) (i.e. 
Jya of 225’ - jya of 0’). To find the second 
Khandantara (2nd jya - Ist jya), Ist jya is divided 
by itself and result (1) is deducted from Ist jya 


225 


(225 — 225^ 224). Result is 2nd khandantara. 


Add 2nd khandàntara in Ist jyà to get the : 
2nd jyà (i.e. sine of 2x225' arc). 2nd jyà is again 
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- divided by Ist khandantara. If remainder is more 
than half of 225 then it is ommitted. Quotient 
deducted from 2nd khandantara gives 3rd 
khandantara. 
3rd Khandantara addeed to 2nd jyà, we get 
the 3rd jyà. Similarly jya pinda (quantity) is divided 
by Ist jyà and substracted from its khandantara to 
ive next khandantara. This way we get the jyà 
of Ist to 24th jyà pinda in lipta. In dividing 
6,7,12,15,17,20,21 jyà pinda, reemainder is more 
than half of divider 225. But we still omit it without 
adding 1 to quotient because Brahma had told so 
to Nàrada. 


Notes : (1) Narada Purana also gives a 
complete summary of astronomy and astrology. In 
the chapter describing calculation of sines, no such 
explaination from Brahma has been given as stated 
here. However, the stated values have been given 
which means the same thing. There is no dialogue 
from Brahma in the chapter, but he is considered 
original source of the knowledge. 


(2) Increase in sines is proportional to its 
des 
‘differential coefficient thus dx (sin x) = cos x is 
Proportional to Ist difference (khandantara) Change 
„in difference itself, i.e. 2nd diff is proportional to 
2nd differential coefficient. Thus 2nd’ difference = 
dd 

dd (sinx) = cee) = — sin x. (proportional) 

Let 1 part be P = 225’. Hence sin x = Sin nP, 
N=no. of parts. 

Here jya = R sin x where R is radius equal 
to 3438 kala. , 


First difference = A (or Ist khandantafa). 
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Ai = (R sin x). Sin.P = R (Cos x); Sin P. 
= R sinP. i 

Second difference S = — 2 R cos x) = . Roxx 

Negative sign means she the first differences 
(khandantaras) are decreasing with increasing angle 
and 2nd differences are proportional to jyà (R sin 
x). It is to be divided by R to get modern sine. 

3 (R cos x. ô x) " -R sins x . dx’ 

R R 

At x = 90° it is equal R^ 35 

-:14'43"30"'. This has been explained by Sri 
Ranganatha in his tika on Sürya siddhanta called 
Güdhaàrtha - Prakasika. But he has taken this as 
3438/225 - 15'16"48" by mistake. Even this is 
approximate and correct value is 14'47" 

(3) Sri Bapüdeva Sastri has given the following 
proof of the formula in his English translation of 
Sūrya siddhānta 

A1 = Sin P - Sin 0° 
A; == Sin 2 P - Sin P 
| As = Sin 3 P - Sin 2 P 
An = - Sin n P - Sin (n-1) P 
An*1 = Sin (n+1) P - Sinn P 

Then A; -  - 2 sin P - sin 2 P 

== 2 sinP - 2 sin P cos P 

= 2Sin P (1 - cos P) = 2 Sin P. ver sin P 

(versed sine = 1-cosine = utkrama jyà.) 

Az- A3 = 2 Sin 2 P - Sin P - Sin 3 P 
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2 sin 2 P - sin P - (3 Sin P - 4 Sin ? P) 
2 sin 2 P - 4 Sin P + 4 Sii? P 
2 sin 2 P - 4 Sin P (1 - Sin? P) 
2 Sin 2 P-4 Sin P. Cos? P 
2 Sin 2 P - (2 Sin P Cos P) 2 cos P 
2 Sin 2 P (1 - cos P) 
2 sin 2 P. versin P 
A3 - Aq = 2 sin 3 P - Sin 2 P - Sin 4 P 
= 2 Sin 3 P - 2 Sin 3 P. Cos P 
= 2 Sin 3 P (1 - Cos P) = 2 Sin 3 P versinP 
An- As +1 = 2 Sin n P-Sin (n-1) P - Sin (n+1)P 
= 2 Sin n P - 2 Sin n P Cos P 
= 2 Sin n P (1 - Cos P) = 2 Sin n P versinP. 
Adding the above equations, we get 
Ai - Ana « 1 = 2 versin P (Sin P + Sin 2 P + 
Sin 3 P + ---— Sin n P) 
But A; — An+1 = Sin P + Sinn P - Sin (n+l) P ` 
Hence, Sin P + Sin..nP - Sin (n41) P = 
= 2 ver sin P (SinP + Sin 2 P + - - - - + Sin 


u 


" 


it 


u 


n 


nP) 
or Sin (n+1) P = Sin nP + Sin P-2 versin P 
(Sin P + Sin 2 P + — Sin nP)) 
Here P = 3'45' = 225' 
^. 2 versin P = 2 ver sin 225’ = 2 (1-Cos 225’) 
2 (1 — 0.9978) = 2 x 00022 = 24. 1.1. 
approx. 
_ Thus sin (n+1) P = Sin nP + Sin P - 1/225 x 
(Sin P + Sin2P+ -- Sin nP) ; 
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This is the formula for finding (n+1)th sin 
from nth sin i..e sin np, First khandatara is added 
and sum of pervious sines divided by (225) is 
substracted. 


(4) Bhaskara II has explained that the sines 
were found by constructing regular polygons of 
increasing number of sides in a circle. 


Aryabhata has indicated the geometrical 
method for finding sines for 12 divisions of a right 
angle (7*30' each) in a circle of radius R = 3438’. 
(Method is explained by Prof. Kripa Sankara Sukla). 

- Let figure 10 represent a circle of radius R = 
3438’. Divide the quadrant into two at T (45°) each. 
Trisect TA into TB, BR, RA (15" each), RA into 


Figure 10 - Geometrical method of sine table 
two (RQ, QA, 7-1/2° each). Mark off AL = 30°. 
Join LB. This is equal to R and denotes chord 60". 


S 

2 
This is the 4th sine, in the 7 E table to“ be 

computed New, from right angled A OMB, 


R sin 30° = = 1719 
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OM = VR- y = VER = 2978 


This is R sin 60°, i.e. the eighth R sine 

Now from rt angle AAMB 

AB = V(R sin 30° Y. + (R vers 30° y? 

= V(1719} + (460)2 = 1780 

This is chord 30°. Half of this i.e. AN, is R 
sin 15° 

Thus R sin 15° = 890’ 

This is second R sine 

Now from rt angle AANO 


= VAO? - AN?) = YR- (Rsin 15°)? = 3321 
This is R sin 75° = the tenth R sine 


Now in rt AANR,, where R is mid-point of 
arc AB, we have 


. AR 
= VAN? + NR? = Vins Y. + (x versi5° y? 
Vg902 + 1172 = 898 


This is chord 15°. Half of this i.e. AS is 
R sin 7°30’ 


Thus, R sin 7°30’ = 449’ 

This is the first R sine 

Now, in rt A ASO, OS 

= VR? — (R sin-7° 30)? = 340% 

This is 11th R sine for angle 82°30’ 
Now, R vers 75° = R-R sin 15°, so that 


chord 75° = V(R sin75°)? + (Rvers75° )? = 4186 
Half of this 2093’ is R sin 37°30’ (fifth R sine). 
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Now, R sin 52°30’ = Vg2 _ (R sin 37° 30272728 (7th | 
R sine) 3 
In semi square AOD, OA - OD-R 
so AD - V2 R - 4862' 
This is chord 90°. Half of this 2431* (ie. AP) ` 
R sin 45° ; 
In A APT, AT = V(R sin 45° )? + (r vers 45°)? = 2630 : 
This is chord 45°. Half of this is R sin 22'30' | 
1315' ; 
(3rd R sine)) ; 
R sin 67°30’ = VR? — (R sin 22° 30)? = 3177" | 
(ninth R sine). 
These are 12 R sines. By finding chord of 
7°30’ arc we can find R sines of 3°45’ intervals | 
also. 


m———— 


(5) More accurate method is to calculate sine | 
by infinite convergent series. 


8 È Ye 


| 
1 


- where 0 is expresseed in radians rofadius) 
and is betweeen 0° and 90°. 
verses 55-66 -- All the verses are quoted Ko 
Sūrya siddhānta. 
Verses 55 - 60 — These tell the values of 24 
R sines at intervals of 3'45' in kalas. Next verses | 
give values of utkrama jyà - R (1-cos 0) | 
No. Arc R Modem  Diffe Vers Diff. Modem valu 
sines values rences radius=1 1 


i 

255 225° 224.856 225 7 7 
450° 449 448.749 224 29 22  .0086 $ 
67 670.200 222 66 37 019 | 
900" 890 889.890 219 117 51 .0341 i 
1125? 1105’ 1105.109 215 182 65 05.1 | 
l 1 


; 
i 
| 
| 


aA & WN rn 
AN 
- 
a 
* 


True Planets 175 


6 1350 1315 1315.666 210 261 79 0761 
4 1579 1520 1520.589 205 354 93 1031 
g 1800 1719 1719.000 199 460 106  .1340 
9  2025' 1910' 1910.050 191 579 119  .1685 
10 2250 2093” 2092.922 183 710 131 2066 
i 2475 2267 2266.831 174 853 143 2481 
12 2700 2431' 2431.033 164 1007 154 2929 
13 2925’ 2585 2584.825 154 1171 164 .3406 
44 3150 2728 2727.549 143 1345 174 .3912 
15  3375' 2859 2858.592 131 1528 183 .4445 
16  3600' 2978 2977.395 119 1719 191 .5000 
17  3825' 3084' 3083.448 106 1918 199  .5577 
18 4050 3177 3176.298 93 2123 205 .6173 
19 42759 3256 3255.546 79 2333 210  .6786 
20 4500 3321 3320.853 65 2548 215 .7412 
21 4729 3372 3371.940 51 2767 219 .8049 
22 4950 3409' 3408.588 37 2989 222 .8695 
23 51759 3431’ 3430.639 22 3213 224 .9346 


` 


24 5400 3438 3438.000 7 3438 225 1.0000 


Notes (1) Difference for versed sines are in 
opposite order and they need not be calculated. 
From them versed sines are calculated. 


(2) Modern values of sin, cos and other ratios 
are calculated for radius 1. Hence, for calculating 
Indian sines they are to be multiplied by radius. 


(3) Mādhava method for calculation upto 9 
decimal places - This has been quoted by 
Nilakantha in his commentary on Aryabhatiya. His 
Sentences indicating calculation parameters have 
been quoted by Sankara in his commentary on 
Tantra sangraha by Nilakantha. Original book of 
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Madhava is not available. He must have used 
infinite series and then formed the simplified i 
expressed by verses in 'Katapayadi' form. i 


Method for sines - Place the expressions, 
0'0"44", 03376”, 16'5"41", 273'57"47", and 
2220'39"40"' - five numbers from below upwards? 
Multiply the lowest by the square of the chosen 
arc and divide by RÊ (i.e. 2,91,60,000 = 54002; 
Substract the quotient from expression just above 
Continue this operation through all the expressions 
above. The remainder got at last operation is tdi 
be multiplied by the cube of the chosen arc and 
divided by R? (i.e., 157,46,40,00,000). Substract the 
quotient from the chosen arc to get its R sine. 


Multiply the lowest by the square of the chosed 1 
arc and divide by R?. Continue the operation) 
through all the opeations above. The last quotieng 
will be the versed sine of the chosen arc. This 
formula is based on series for sin upto term 6" 3 


Results 

No. Are. R sine sine in decimal Mode 

: Value 4 
1 225 224’50”22” .06540 .06540 E 
2 450 448'42"58" .13053 .13053 3 
3 675 670°40"11” 19509 .19509 j 
4 900 88945715" 25882 25882 1 
5 1125 1105'1"39" 32144 .32144 @ 
6 1350 13153477" .38268 .38268 j 
7 


1575 1520'28"35" .44229 .44228 3 
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: 1800 171852724" .50000 .50000 
3 2025 1909°54”35” 55557 .55558 
10 2250 2092°46"3”” .60876 .60876 
‘i 2475 2266/39"50 .65934 .65934 
12 2700 243051715? 30711 70711 
D 2925 2584'38"6" 75184 .75184 
» 3150 272720752" .79335 .79335 
15 3375 28582255" .83147 .83146 
16 3600 297710"34" .86603 .86603 
17 3835 308313717" ` .89687 .89688 
18 4050 3176'3”50” .92388 .92388 
19 4215 323518"22" 94693 .94692 
20 4500 332036730" .96593 .96593 
21 4725 337141729" .98079 .98079 
22 4950" — 340820"11" .99144 .99144 
23 51759 343023"11" .99785 .99785 
23 5400 —— 343744748" 1.00090 1.00000 


Verses giving value of constants in katapayadi 
constants for sine - (with method) 

fet "quar ae: "ene faa.’ ael vitet fan, ‘Afasig atx 

oe Praag HA ISA | sae Borate ITT: pA 

faze: ere, Nagada wate uere h 

Constants and method for versine 

et’ et fray’ gA aR "sg THAT’ 

"hg RAR Sur TH Ta’ veu qi 

MIRA Afra SHE ITS: Heat fagear-aa: 

Rares Meroe Get AGATA t 


Sine table in paras - 


18. lo wu 

Sed ama aami “Ferns ie maa: 

"men sp pes ren fats dew ta 

AANER aS ua uw: 
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ag RA ase may ea! a 
afa Tur rof vig aot ae igo E 
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«pr odor aig? mega TA Teh t i 
sft Gat He ret.’ Toe at at he’ 

FAA aaah” Vay fare PL ug n 
aaaf AAT FIST ATA FEAT: wo | " 
Proof of the method for sines - 


Madhava has used the infinite converpauy 
series for sine for 0 expressed in radians (between 0 i 


and z/2) 
sca E ELE E ALL 
M et 3  |5 9 n 
(Terms upto 6 have dero used for - desired] 
accuracy) : 


P EE E E o Sat e 
~~ 6 120 5040 3,62, 880 
gll 


= 399, 16, 800 * "7 (1) 
Constants of Madhava expressed in para are! 
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. (1) 79,94,380 = Ai (2) 9,86,267 = A; (3) 57,941 
š As (4) 1,986 = ii (5) 44 = As from up to denm, 


order. 
| Let x is the arc length i in minutes (kalà). . 


Then 0 converted to degree (X 180/x ) and 


in minutes becomes x 
iad 10800 - 
or x = 0x — x60 = = 9 
At each T we take its square and divide 


2, (R = 5400) i.e. multiply by a? where a = 


mle 
e 


x 1 
R ^m- 5400 — 
l After multiplying 5th quantity by a 
substracting from 4th, ae get A4 - a? A5 
Multiply this b ^id a? and substract from A3, we 
get A3 - a^ A4 * A 
Multiply by a? and substract from Az, we get 
A2 - 2 A3 +a Aa - a A5 ` 
Multiply this b y a? and | substract from A1, we 
get A1- a A2 + a`. A3 - af At +a” A5 


Multiply by a? and substract from arc x =- 
xu 


2 and 


0 we get 
X — a? A1 + a A; - a? A; + a? Ay - all A5 
This is value of sin @ in arc length of minutes. 

To get it in ratio for radius 1 we have to divide 

it by 10800/z. „Then 
Sin @ = (x - a> Ai + aA2 - a’ A3 ta’ M- allAs) 

~-= (3) 


10800 
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First term =. ^ qum x x=6 radians . 
» = C. (a8 79, 94, 380 
Second term = TORO x em 7 36000 ; 
(A is divided by 3600 to convert it in minutes) 


= : approx. (taking . zx = 3. 151926 -- 5) 


Sdn we get all the. terms of series oy 
from formula (3) by calculations. - 


(4). Vateávara has used 96 divisions of a’ 
quadrant, each division being 56'15" of arc. He has: 
given values of R sine and R versine in seconds: 
of arc. ; 
. Muniśvara has taken radius lengi as 191 and. 
at 1° intervals, given the values of R sines upto: i 
4th division of a degree (upto 1/60x60) of a second). ; 
Kamalakara and Jagannatha Samrata ‘both have! 
taken radius of length 60.and given values upto 
5th division of a degree. They have taken intervals | 
of 1° and 1/2' respectively.. 4 


(5) Direct computation of R sines - Madhava 
formula càn be used for any angle for calculation: 
upto 9 decimal places. Bhaskara I, Brahmagupta, ; 
Vatesvara and Sripati have given formulas for direct! 
calcuiation. All of their formula are equivalent toj 
the following expression. — - j 


0 (180 — 8 
Ene cauce (09 c is in degrees. 


10125.— T (180 ~ 0) 


| 


- upapatti vasana), Bhaskara II, has given two forms] 
of formula which: geduce to the same. expression. | 1 


Proof : In Figure 11, C A is diameter of a 4 


True Planets : 


arde of radius R 
" Arc AB = 0° 
and BD = 2 sin 0 


Area ABC = = ; AB. BC 


Also, Area ABC = ; AC. BD. 
1 AC 
| °° BD ~ AB . BC 
. AC 
> (Arc AB) (arc BC) 
Dd x AC. © 
Let Bp ~ (arc AB) (arcBC) Y 


so that 3D 


NOM M 
“a (180-6) Y 


: : Figure it 
op LL  2XR £ 6 (080 - 0) - y 
 Rsinó , . — 680-6) 
. 6 (180 - 6) 


phon or E M SE 2 
anoe 3 R+ 608-—9)y D - 


181 


182 


EIE M——i1..-Q)o 


degree |. pg 
. Putting A 2.0, a = 0 


E e, B (2A = x) = Cn (0-20). 


Puting e. = "73 R= 


Thus sin A AT 


or, Cx 


| Siddhanta Darpan. E 


30 x 150 
2x R + 30 x 150 y 
9000 
R 
Putting, 0 = 90°, 


2x R + 8100 y = "pun - QB). 


| 1 PEE 
Form Q) and B) y =- AR and 2xR "TR 
Hence from (1) Sin ô= = d CS 29 p | 
10125 -> r Mum 9 
Alternate proof : 
atbaA. + cA? 


 A+BA+ CA? 
where À is in radians and corresponds to ¢ 


Let sin A = 


: b 
m, ‘btae=0 Soc= +z. 


bà (x- Az 


Putting A 


A+#BÅ +0% . 
Since Sin À = sin (z-à A 
bå (u-AYyx bA (x —A)/x l 
A*Bi«ci  A+B@-1)+C@=4 
or, A* BÀ tes A+ Baa + cle V 


Excite a c nr kt sioe La ees ed ant DE idus uem fc etu tas 


B 
Tr 
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bå (x ~-A) 


Therefore, Sin À- * Ret BGA 


1 
or Az +77 me 
ee. MOR * 
From 9 and (5), B = - "LES = a 
ios a) 

Therefore, Sin A c= ü S 3y 

P L 
where å = T5 l 


Verses 67-70 - Jyà of bhuja and koti - ‘Madhya 
graha substracted from mandocca gives: manda’ 
kendra and from éighrocca, it gives $ighra kendra. . 
From these. quanties, onga: and koti jya. are 
_ calculated. 


In odd quadrant (visama pada), jyà'of passed 
arcis bhuja jyà and remaining arc gives kotijyà. 
In even (sama) quadrant, remaining arc gives bhuja 
jyā, and passed arc gives kotijya. (Quotation of 
Surya siddhanta ends with verse 68). 

This means that if. the kendra (manda or 
Sighra) is less than 3 raéi (90° ), then its jya is bhuja 
Jya. If it is between 3 to 6 rāśi, then it is substraeted 
from 6 rāśi. Jya of the balance arc is bhuja jya. 
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When kendra is between 6 to 9 rāśi, we deduct 6: 
rāśi from kendra. Jyà of the balance arc is bhuja: 
_jya. If kendra is between 9 to 12 raéi, it-is deducted . 
from 12 raéi. Jya of balance arc is bhuja jya. If the 
quantity, from which dedüction is to be done is: 
smaller, then 1 rotation of 12 rà$i (3607) is added: 
. to it. ; 


Notes (1) The rule*is very simple and needs. 
no explaination, if figure 12 is seen. ANBU is kranti_ 
vrtta in which U is ucca (manda or Sighra). The. 
planet moves in. anti clock wise direction shown: 
‘by arrow. Mı, M5, M; and M, are positions of the: 
planet in. Ist,.2nd, 3rd and 4th quadrants from | 
ucca. position. Displacement of the planet along AB‘ 
line is indicated by perpendiculars from M on AB: 
i.e. parallel to NU line. 

Thus in quadrant 1, M,U is the passed arc’ 
of angle M;,DU. Its sine is: Mı,Yı, or OX, called: 
bhujajya. Similarly .bhujajya in 2nd), 3rd, and 4th: 
' quadrants are OX», OX;, OX... 
Kotijya is jya of Aisle in angle (90° 
angle) or cosine in modern terms. It is indicated. 


| Figure 12 - Bahu and Kotijyá | 


bet it eae iei 
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by displacemerits along UN. line. Kotijya in the 
quadrants aré OY}, OY2, OY, OY... 

(2) Manda Kendra = -Mandocca - Madhya 
graha. i 2 S 
Sighra kendra = Sighrocca - Madhya graha `. 

Both are definitions and need | no further 
comment. 

Verses. - 71-72 - Method of finding. jyà and 
utkrama jyà of any angle - (Guorition from ack . 
siddhànta) l . 
l From. the chart we get sines - i versines, 
only for angles which are multiples of 3°45’ (2257). 
Finding values for any intermediate angle is called 
interpolation. Its method according to Sürya 
siddhànta is . l 


=a EU Quotient (= completed peut 
of 225) > 

* remainder . (angle lapsed in next part) 

Jyà of angle = Jyà of. previous part: + 


remainder/225 x (Jyà of current. part - e of 
previous part.) 


Notes (1) This is simplest formula based on 
ratio and propotion i.e. rule of 3 (to find 4th 
unknown quantity). 


Difference in Jyà of fractional part 
Angle of fractional part 


. Difference in jyà of completed part | 
Angle of 1 part (225) ` e 
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This assumes: proportional variation of sine : 
_ difference. This is ‘called linear variation or r linear ; 
PAO 


(2). For small divisions of 3°45’ each; — ; 
fomula i is sufficient to get accuracy upto a minute. 

If divisions are of 10° each, then ‘sine ` 
difference doesn’t increase proportionate to increase 
in: angle.. For such interpolation, Bhaskara II has - 
given quadratic formula - m 
AE x (x. — h) "A 

- ES E (y2 — 2y1 + yo) 

y = yo yı- yo) + (2h?) (y2 — 2y1 + yo) 
= where h = intervals (10*) at which sines have 
been calculated; x is increase in angle; yo yi and. 
yzare difference of sine for successive parts. 


This formula was first stated by. Brahmagupta. : 
. Vateávara has given several forms of the formula. 
For R sines. upto seconds, quadratic formula is 
- needed. Franmneupta Sepon for 225' intervals 
is- - . 
.R sin (225't+0") --- (where Y< 22», t bi an . 
integer) ; ' 
sum of t R sine - - differences - 
AR pees 1)th R sin diff 
BT. t th R sin diff 4 (t + Dth R sin diff d a 
25 2 
-= sum of R sine differences 


8^ 

+ 228 (t + p" R sin difference 
1 6’ [8* eae TE 

*7 >g [S907 1| [ ( t+1) th R sin diff. - t iis R sin 


(2) is equivalent to quadratic formula. 


a 
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. (3) Màdhava's ENTE = É tis a P ooo 
integer. and 0 « 22», then. — 4 
R sin (225 t + 0) = sum of t R sin - diff: 
@ x [R cos 225 (t + 1) + R cos (25 0]. 
2R 
This has been quoted by Nilakantha in his 
commentary on Aryabhatiya. . 
© Verses 73-74 : Finding arc from any given 
jyà - We substract the greatest jyà pinda, smaller 
. than given jya, from the given jyà. The difference 
of jyà is divided by difference of the jyà. pinda ; 
substracted and next bigger jyà pinda. It is 
multiplied. by 225' and result is added n the 
completed arc. 


Notes - (1) This is again linear c 
. whose proof is similar to reverse process of finding 
sine of a required arc. 

(2) There is a similar quadiratic formula for 
this. process also. l 

(3) Geometrical proot of the formula tinea 
and quadratic)— _ ! 

Figure 13 shows the graha of R sine with its. 
arc (or angle) On OX axis xo, x; x2 are points.. 
indicating angles or arcs where value of sine is 


[5] X XX X, 
Figure 13 - Finding sine or arc for intermediate values 
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known. R sine at these points is no, ny nj. We: 
have to find value of R sine x = D on the graph 


when Ox is known in interval (1, 2) Alternatively, 
. if D is known, we have to find x point. i 


In linear interpolation, we assume that value. 
of R sine changes along the straight line AC from: 
, no to nı- For small intervals it is aimost sante as . 

- curve AC; Dx is perpendicular on X axis cutting: 
AC at D' and AB at E. Thus D' is a good 
approximation (linear) for D on the curve. tee 

., Now DE = D'x - Axo = increase in value of 
R sine for desired angle. k ; 

C B = increase in Rsine over interval (0,1) 

"^ DE © AE. . 2 

‘Hence: —— BC ^ AB” . 

When x is known, we know AE, AB = 225’. 
and BC is already known (value of R sines). Then 
fourth . quantity D'E can be known. Required sine 
is D'x = D'E + A Xo which gives the formula. 

D E x AB i 


` Similarly Xox = AE = Bc 


can be known 
-and Ox = Oxo + xx 


Quadratic interpolation - nj-ny is difference 
between the interval. (n2-nı) is difference in L/REXE 
` interval. 


Average rate of © change - is 
(m — no + (m - nm) | 
S 


Increase in rate of change within the interval 


_ AE (m- no ).— (m - ni) 
~ AB | P 
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Second term is the extra — for quadratic 
form of Brahmagupta. 

Verse 75 : Relation between sine and cosine . 
- From square of radius, deduct.the square of j Jyà 
take square root of the quantity. Result will be jyà 
of koti of the.angle (3 rāśi - angle) or kotijya.: 
Similarly, jyà can be calculated from kotijya: 

Note - Cos m 9) = Sin 0 or sin (907-60) = 
. Cos 0 


Sin? s Cos% = d 
Hence VR? — R? sin? go =R Cos 8 


Verses 76 to 88 : True motion of TIEREN 
by difference from parocca - 


Mandocca of mangala, budha and éani and 
$ghrocca of budha move both forward and ` 
backwards as observed by me (author). To find 
their true motion another entity (devatà) called 
‘Parocca’ has. been assumed which affects these 
points (verse 76). 


Parocca of mangala (its dando is at 6 rāśi 
(180°) difference from madhyama sūrya. Parocca of 
budha mandocca is its śīghrocca. Likewise, man- 
docca of budha is parocca of budha's śighrocca. ` 


Parocca of $ani's mandocca lies at 18' less 
from madhyama $ani. Parocca also is an invisible 
form of Kala like mandocca. 


l Similarly there are many small planets in the 
sky. Around planets, satelites move in circular 
orbits. Motion of these small planets and satellites 
can be seen only with instruments (telescope). They . 
also move from west to east. They have not been. 
described in Brahma and sürya siddhanta, hence 

they are not been explained here. 
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Substract parocca from sighrocca and mandoc- 
ca of budha and from mandocca of Sani. R sine 
of the resulting angle is multiplied by 680 for budha 
and by 300 for Sani. Product is divided by radius 
(3438). Result will be in liptā. If Para kendra 
(distance of manda or é$ighra.from Parocca) is . 
between 0° to 180°, it is added in mandocca and 
for 180° to 360°, it is substracted. For sighrocca of 
budha, its opposite procedure is followed (substrac- 
tion for parakendra in 0° to 180° and addition 
other wise. 


If sighra kendra of mangala is in six rasi’s 
starting from makara (i.e. from 279° to 90°, then 
sphuta sanskara is not needed for its mandocca. 
If $ighra kendra is in six ra$is beginning with karka 
(i.e. 90° to 270") then mean mandocca will be | 
corrected to find the true value. Mandocca of 
mangala for previous year (almost same for current 
year) is substracted from its parocca (mean sun: + 
180°). Result is its para-kendra. R sine of para 
kendra is multiplied by 450 and divided by 3438 
= radius. Result is multiplied by kotijya of first 
sighra kendra in kalà and then divided by kalà of 
3 rasi (5400). As before, result is added in Ist six 
rasis of para kendra and substracted in other rāśis 

. from mandocca of mangala. 


For daily motion of mandocca - Substract 
mandocca from parocca of mangala (i.e. 180° + 
mean sun). Its kotijya is multiplied by 450 and 
divided by radius (3438). This will be kotiphala for 
correction of' mandocca speed. If parakendra is in 
0° to 180°, kotiphala is added to Sighra kotijya and 
substracted for parakendra between 180° to 360°. 
Result is multiplied by mean daily motion of sun 
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and divided by radius (3438). Result will be daily 
motion of mangala mandocca due to its parocca. 


Similarly for Sani, find kotijya of its difference 
of parocca and mandocca. Multiply it by 300 and 
divide by radius 3438. Result is kotiphala for 
correction. Kotiphala is multiphed by mean daily 
motion of $ani and divided by radius 3438. This 
will be daily motion of $ani mandocca as corrected 
for its parocca effect. 


For budha, Kotijya of its para kendra is 
multiplied by 680 and divided by radius 3438. 
Result will be Kotiphala for correction. . Multiply 
this Kotiphala by daily mean motion of budha 
$ighrocca and divide by radius 3438. This will be 
daily motion of true budha $ighrocca. Correction 
in mandocca speed is addition for parocca kendra 
in Ist and 4th quodrant (270°-90°) and otherwise 
deducted. Correction in $ighrocca is in opposite 
manner. 


Notes - (1) Author has not given reasons for 
such correction. His mention of observation of small 
planet by telescope indicates that these correction 
are based on some modern charts like Le - verrier's 
chart of 1850 or some nautical almanc available in 
his time.'He has clearly mentioned that these have 
not been discussed in other siddhàntas which 
indicates his corrections are adopted from some 
almanc or results of telescopic observation. 


(2) It is difficult to guess as to what correction 
was sought to be achieved by these methods. 
However, mathematical form of these formula will 
indicate the reasons of these corrections. 
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(a) Definition - Parocca’ is a mathematical | 
point in ecliptic from which deviation in mandocca '! 


of mangala, budha and Sani and Sighrocca of budha : 


can be calculated. 


(b) Parakendra (P) = Sighrocca or mandocca : 


- parocca. 


Parocca of Budha $ighra = mandoca of budha 


Parocca of budha mandocca = éighrocca of © 


budha 


Parocca of mangala mandocca - madhyama 
ravi + 180° 


Parocca of Sani mandocca = madhyama Sani. 


- 18° 


(c) Madhyama mandocca of all the planets is © 


given in madhyamádhikára. Sighra of inner planets. ; 
budha and $ukra are the planets themselves. Sighra , 
of outer planets mangala, guru, Sani is mean sun. «; 


Thus the tara graha, affected by own orbit as well 


as earth orbit (or relative motion of sun) have ` 


sighrocca as the planet of smaller orbit (and hence . 


of faster rotation). 

(d) Para kendra of Budha $ighrocca (Bi) i.e. 
PB,, = B; - B; where B; is mandocca of Budha. 

Para Kendra of B? (mandocca of Budha) 

PB; = B; - Bi 

Correction in mean B; = 680’ sin (B,-B;) 

Correction in mean B; = 680' sin (B;-B:) 

Sin (B,-B;) is positive when PB; = BB; is . 
between 0° and 180° then it is negative correction ; 


For mandocca it is opposite. Hence for both budha ' 
mandocca and Sighrocca, correction is 


True Planets 193 


680’ Sin (B3-By) - - - (1) 

Parakendra of Sani mandocca, Ps is 

S, - (madhyam Sani - 18°), $; = mandocca of 
Sani 

or Ps = S; + 18° - madhya éani 

= S2+18-S say --- 

Correction to mandocca is 300’ Sin Ps - - (2) 

Since it is to be added when Ps is between 
0° to 180° i.e. Sin Ps is + ve, the formula indicates 
correct sign. 

Sighra kendra of mangala = mean sun - mean 
mangala. Skm = Sm - M 

When S Km is between 270° to 90°, no 
correction is required. Correction to. mandocca is 
done only when S Km is between 90° to 270° i.e. 
earth is on same side of sun as mangala. 


Amount of correction - 


Parakendra of mangala Pm = (Sm + 180°) — 
M2 


where M2 is mandocca of mangala 


(This is opposite substraction of the earlier 
process) Correction in mangala mandocca 
7 450 sin Pm x cos S Km ` 


5400 
Sin Pm is + ve for Pm between 0° to 180° 
and it is added to mean mandocca. 


Speed of mandocca is obtained by obtaining 
the differential coefficient of the corrections. 


Position of true mandocca of mangala N 


194 ` Siddhanta’ Darpa rag’ 


450 sin Pm x cos S Km 


5400 

450 cos Pn x cosSKm d 
Speed - *a Pm 
dPm dSm 
de ae 7 speed of mean sun. 


Thus speed of mangala mandocca 
450 cos Pm . cos S Km 


= mean speed of sun „= o 7 ays 
Speed of Budha Sighra or Mandocca--- 4 
= 680’ Cos (B2-B:) - - - (5) 


Speed of Sani mandocca = 300’ cos Ps (6) 4 

(3) Reason and assumptions of these correc4 
tions - 

(a) Sani mandocca motion - Motion of Sari 
mandocca cannot be observed in a life time or every 
in a thousand years because it rotates only 39 times? 

‘in a kalpa. Hence it is not oscillatory motion off 
mandocca which could be observed by the author 
This appears to be correction due to effect of guru^s; 
attraction on Sani motion. At the time epoch of 
his observation after 1869 AD, guru was behind? 
' Sani for 5-6 years. Hence parocca of Sani has beer 
assumed to be slightly less (18°) than mean gani-4 
(b) Mangala is corrected, only when it iq 
influenced by earth when both are on same side 
of sun. Hence this correction in mandocca is toj 
account for influence of earth. 1 
(c) Correction in $ighrocca and mandocca of 

. Budha is to make correction of elliptic orbit of 
Budha éighra (i.e. . Budha itself) and its high) 
`- inclination with sun's ecliptic; 7° as seen from sung 
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These are reasonable assumptions of the 
origin. It needs further research and verification. 
But obviously, these corrections tallied with obser- 
vations in author's time. 


Verses 90-103 - Manda and Sighra Paridhi - 
For any planet, attraction by its mandocca is 
multiplied by kala of a circle (21,600) and divided 
‘by radius (3438). Result is manda paridhi. Maxi- 
mum mandaphala varies with manda paridhi. (90). 

Sighra paridhi of mangala, guru and éani is 
more in even quadrants compared to odd quadrants 
end. For budha and $ukra it is opposite. (91) 

According to Sürya siddhànta - Manda paridhi 
of ravi is 14° in even quadrant and 13°40’ in odd 
end. Similarly, mandapraidhi of candra is 32° in 
even quadrant and 20’ less in odd quadrant i.e. 
31°40’. (92) 

According to Siddhanta Siromani of 
Bháskarácàrya, mandaparidhis of ravi and candra 
are constant and are 13°40’ and 31°16’ respectively. 
(93) 

I (author) have calculated the values of manda 
paridhis of ravi and candra by observing conjunc- 
tion of moon with stars and difference in rasi of 
moon and sun (phases of moon) (94) 

In odd quadrants, mandaparidhi of sun is 
12*6' and of candra is 31°30’ (95) 

If manda kendra is at end of 4th quadrant, 
mandaparidhi of ravi is 11°30’. Now, method for 


T manda paridhi at other places is being told 
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Multiply kotijya of ravi manda kendra by 6 
and divide by radius (3438). Result will be in kalà 
etc. If manda kendra is in Ist or 4th quadrant, 
substract this result from 18’ kalà. At other 
positions this will be added to 18’ kala. (97) 


Either of the results is multiplied by R cos of 
manda kendra (kotijya) and divided by radius 
(R=3438). Result in kala etc. will be substracted 
from manda paridhi at end of odd quadrant (12°6’), 
when manda kendra is in 2nd or 4th quadrant. In 
other quadrants it is added (98) 


This method is adopted for accurate calcula- 
tion. For rough work, 1/9th part of previous result 
is added. This will give accurate results only on 
parva sandhi (Pürnimà or amávásyà). 

Kotijya of candra manda kendra (R cosine) is 
multiplied by 30 and divided by radius (3438). 
Result in Kala etc is added to the manda paridhi 
at end of odd quadrants (31°30), when manda 
kendra is in six rasis starting from karka. In other 
positions, it is substracted to find sphuta manda 
paridhi. 

Manda paridhis of planets are - mangala 69° 
budha 27°, guru 34'30' $ukra 12° and Sani 39° 


Sighra paridhis at end of even and odd 
quadrants are - 


: End of even End of odd 
quadrant quadrant 
Mangala 238° 237° 
Budha 139° 140° 
Guru 70° 69° 
Śukra 261° 262° 


Sani 39° 38° 


Notes (1) Mandaparidhi is correction method 
for elliptical orbit which have been assumed circular 
for first approximation. 


(2) Sun and moon are directly in an ellipse 
around earth. But other planets take their position 
as a result of two orbits -- orbit of sun around 
earth (apparent) and orbit of planet round sun. 
Correction from mean position due to smaller of 
these orbits is done through $ighra paridhi. 


(3) The method of correction by manda and 
Sighra paridhis will be explained after calculation 
of these for tara grahas. 


Verses 104 to 112 - Sphuta manda and Sighra 
paridhis for tara grahas - Difference (of 1°) between 
$ighra paridhis at the end of odd and even 
quadrants is multiplied by bhuja jyà of $ighra 
kendra and divided by radius (3438) i.e. multiplied 
by sine of sighra kendra. 


This result is added to the $ighra paridhi at 
end of previous quadrant, if it is rising in current 
quadrant. Otherwise, it is substracted. 


For more accurate value of sphuta Sighra 
paridhi of mangala, we add 1/30 part of bhuja kala 
of Sighra kendra (i.e. R sine of $ighra kendra is 
Minutes). 


Manda paridhi of mangala is 69° only at the 
end of quadrant. To find the intermediate values, 
We select the lesser part of manda kendra - amcng 
lapsed part and remaining part in the quadrant. R 
Sine of that angle is multiplied by 8° when manda 
kendra is in six ráéis starting from karka, or by 4° 
when manda kendra is in 6 raéis starting from 
Makara. Result is divided by R sine of 1-1/2°raéi 


3 es  Siddhinta Darpana’? 
(45°) = 2431..Result is converted to degrees etc 


and added to 69°. which gives sphuta mandat 
paridhi of mangala (at any place). 5 
When manda kendra of mangala is between ‘ 
4868’ and (4868’ + 1590’) or between (15,142’) andi 
(15,142’+1590’), its mandaparidhi is taken as equal 
to its mandaphala of 3 rāśi i.e. 11°2’47”. d 
| We find the lesser of lapsed and remaining’ 

parts in quadrant.of Budha manda kendra. Its R* 
sine (jyà) is divided by 9 and result is substracted | 
from manda paridhi (27*)j. We get sphuta manda: 
paridhi. EE l X a 
R sine of $ukra manda kendra is multiplied | 
by 2 and divided by radius R = 3438. Result in; 


degrees is substracted from manda paridhi (12°) to: 
find its sphuta value. 4 


Notes - (1) As first approximation, planetary’ 


x 


H 


orbit is considered circle with earth at centre (for: 
moon and sun). ; 


S 


EE 
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Figure 14 - Epicycle (Niocca vrtta) 
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N 
Figure 15 - Eccentric Circle 


. . But orbit is elliptical with earth at focus which 
is away from centre at a distance of ae towards 
apogee (mandocca). Here a - semi major axis and 
e is eccentricity of ellipse. 

At first step of approximation, we shift the 
Circular orbit by distance ae in direction of major 
axis (Fig. 15). YU X N is orbit of mean planet 
whose apogee is U and V is the point of mesa 0°, 
vernal equinox, from where longitude is measured. 
Another circle with centre at C in direction EU is 
drawn with same radius. In .both the circles the 
planet rotates with same speed. Thus every point 
On the eccentric orbit (Prati vrtta) PU; L is at a 
distance CE in direction of U. At apogee, mean 
Planet is at U and true planet at Uj. When mean 
Planet is at M, corresponding planet on prativrtta 
is at Tı where MT; = EC and both are parallel. 

Same displacement can be done by assuming 
movement of spasta graha (true planet) on another 
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small circle whose centre is on madhya graha. The : 
circle is called manda paridhi (epiciycle) which ; 
rotates fixed with radius vector of mean planet. ` 
However, movement of spasta graha on manda‘ 
paridhi is in opposite direction to the motion of : 
madhya graha but with equal angular speed. At | 
apogee position in Fig 14, mean graha is at U and ' 
true graha is at U; in same direction, When mean : 
planet moves to M in anti clockwise direction by 
angle 0 = ZUEM (manda kendra), the true planet: 
moves by same angle 0 = T:BB, in opposite. 
direction. Thus T; is always in direction of: 
mandocca i.e. MT; is parallel and equal to CE.: 

Thus by construction of manda-paridhi also, all | 
points of madhya graha orbit are shifted by distance | i 
EC in direction of EU towards ucca. Thus both. 
the constructions are equivalent. 


(2) Ellipse is symmetrical with respect to centre | 
but not from focus which is centre of true orbit. | 
Next step of approximation to make it toally i 
equivalent to elliptical orbit is by changing the! 
radius (or equivalently circumference) of manda: 
paridhi at different places. 

Let E be origin and EU direction of X axis, ; 
EX being direction of y axis. Radius of mean orbit i 
(deferent) EM = R 

Radius of manda paridhi for manda kendra 8 : 
=m +n cos 0 

n has lowest value at 90° or 270° when cos 
0-0 

mtn has highest value at apogee (@=0°) or ati 
180° (-ve) Coordinates of point Tı are - : 

= EM, cos 0 + MT; - - in direction of EU | 


D 
" 
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= R cos 0 + (m+n cos 0) 

or x - m = (Rtn) cos @ = a cos 0 

y = Rsin 6 = bsin@ . 

where a = Rtn, b = R are the semi major 
and semi minor axis. This is parametric equation 
of ellipse with centre at (m,o) i.e. at distance EC-m 
from centre of kakśā vrtta towards mandocca. 


From this, 


(sürya. siddhanta) 


N 

-a 
a 
w 


3x2x 


$77 3:043 à — 1081 


= 0.043 (real value for sun is 0.0167) 


Geometric equivalent of the correction - 

: Without continuous varying the radius of 
mandaparidhi also, we can obtain the true position 
of planet. ; 

In figure 14, join CT, which cuts deferent 
(orbit of mean planet) at S. Produce ES and MT, 
to meet at T. Then MT is the radius of true epicycle 
at M and T is true position of sun. 

Similar construction can be made for prati- 
vrita (eccentric circle) also in figure 15. CT, cuts 
deferent at S and ES cuts MT; produced at T which 
IS true position of planet. | 

(3) Bhujaphala is equal to equation of centre- 

In figure 14, Sun's mean longitude - arc VUM 


202 Siddhanta ae 
True longitude = arc VUS ie 2 
Difference between the Wo. i.e. arc SM, dsl 

the sun's equation of centre - 4 
MA is perp. to EU and TB, and SB be! 

perpendiculars to EM or EM produced. TiBi is; 

called bhuja phala or bihuphali and EiM is called. 
kotiphala. 

- A^ BMT; and MAE are similar. Then 

TB .MA . 

TM EM 

or TıBı, i.e. sun's bhujaphala 

Tı M x MA. l 
“EM 


TM 349 
TiM = radius of epicycle (mean) = 2 


MA = R Sin 0, EM-R ` 
Hence, Bahuphala 
à £ Sin 6. 

25 x 60° 


= 2 Sin 8 


= 133.7 Sin 0 = 0.388 sin @ radians. 

With mean value of manda paridhi 11° 48’, it 
is 0.327 sin 0 which compares well with the nodi 
value of 0.334 Sin0. Md had given 0.416: sin 
0 radiàns. 


(4) In eccentric circle, geometric construction 
gives the method of successive approximation 
described later on while dealing with true speed. 

(5) Heliocentric amomaly through Sighra 
kendra. —Position. of tara grhaas depends on two 
orbits - apparent orbit of sun round earth and orbit 
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of planet around sun. Smaller of the orbits is called 
gighra paridhi and madhya graha corresponding to : 
average motion is bigger orbit. 


Figure 18 
Like correction of elliptic orbit through manda, 
paridhi, correction from heliocentric to geocentric 
position is done through $ighra paridhi. It can be 
an epicycle, or eccentric circle, as shown in figure 
18. l 
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It is to be proved that $ighra kendra is same 
as heliocentric anomady and Sighra phala is 
conversion from heliocentric to geocentric position. 
This will show correctness of Sighraparidhi method. 


Figures 16 and 17 show the anomalies with 
sun as centre. First figure is for inner planets venus 
and mercury, marked as V. Second figure is for 
superior planets mars, jupiter and saturn, marked 
. as J. 

Figure 18 is for $ighra paridhi - both for 
inferior and superior planets. 


Figure 16 and 17 - S = Sun, E = Earth, SA 
= direction to mesa 0°, EA’ = direction to 0°. SV, 
EV’ are heliocentric and geocentric directions of 
$ighrocca. V is actual planet and V’ is imaginary 
point (Sighrocca of inferior planets) Draw EJ |! 
SJ. Radius of inner and outer circles are r and R. 
K is radius vector to the planet (from earth). 


Figure 18 - E, = Earth's centre, E? = Centre 
of eccentric circle (It will be proved as centre of 
sun) Mı, M2 are mean planets in deferent (kakéa 
vrtta) and eccentric (Prati Vrtta). E;E; = r = antya 
phala jyā. R is radius of both circles. K is radius 
vector to planet known as Sighra karna. 

Sighra kendra (anomaly) - Longiude of 
$ighrocca - Longitude of planet (fig. 18) 

= 4 aE, A, - Za E1Mj.Za' E; Ay - Za’ E; 
M2 = m 

In Fig 16, ZA’ EV; is longitude of śighrocca, 
Z A'ES is longitude of sun treated as madhya graha 
of inferior planet. 


$ighra anomaly. m = ZVSS’ = ZV’ES 
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= LA'EV'- ZA'ES 
In fig 17, m = Z S Sj-z SE = Z 
A'ES-Z A'Ey . 
= 4 A'ES-ZASJ | 
= Longitude of Sun (treated as $ighrocca of 


superior planet) — longitude of planet from Sun 
known as mandasphuta graha. 


= Sighra kendra | 

Consider A* ESV, JSE and EMM; of the three 
figures. 

4 ESV = ZJSE = Z EÉ| MM: = | 180° - 

If value of $ighra paridhi is taken such am 

SV _ SE ss MEMS coc 

SE SJ E; Mi 

all the three triangles will be similar. 


Thus sighra kendra is same as heliocentric 
anomaly and sighraphala Z ME M2 = Z SEV = 
Z SJE. 

K? = R?+r? + 2 Rr cosm ----- (2) 


Comparison of values of orbit known in 
modern astronomy .shows that value of Sighra 
paridhis have been chosen correctly, so that 
equation (1) holds - 


i Sighs p panoi small orbit (radius or circum) 
.e. 


e: Larger orbit 

Planet Seis Deferent Ratio Value ingmodern 
paridhi astronomy 
(average) earth = 1 

Mercury 139.5 360 ` .3875 0.387 

Venus — 2615 360 726 0.723 


Mars 237.5 360 1.519 1.52 
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Jupiter 69.5 . 360 5.18 (5.20 

Satum 38.5 360. — 935 95 . 
(6) Formula for sphuta paridhi - Difference 

between values at end of odd and even quadrants 

is 1*. 


Hence if 6 is angular difference from lowest : 


position, addition will be Sin 0 in degrees. 


For further correction in mangala 1/30 part is . 
1 sind . 
added i.e. correction is ST = 1.033° Sin 0 


Mangala manda paridhi is minimum in ends : 
of quadrants (90° interval) and it is maximum in : 
between (45° from ends). Difference from minimum : 


min odor S t Rot AL aai ea 


69° is 8° in 90° to 270° 4° in other half. Hence 3 


correction in 90* to 270* 


8? x sin 0 i 4° sinO 
ic darent vt h vcra mi qid pe 
R sin 45° n other alf it is R sin 45° 


It is constant in two intervals 4868’ and 4868 ` 
+ 1590' and (15,142 to 15,142 + 1590’). Then : 


mandaparidhi is 11'2'47'. 


. Budha manda kendra @ = lesser interval from : 


ends of quadrant. 
SOR 
Sphuta paridhi - 27? — 9 sin 0 


Sukra manda kendra = 0 
Sphuta manda paridhi 
= 12° - 2° sin 0 


(7) For outer planets, earth is on same side 1 


of sun and closer to planet for $ighra kendra int: 
even quadrants (closest at end). So its éighrä | 
paridhi is more. For inner planets, it is opposite. ; 4 
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'Minute chanes in $ighra paridhi are due to 
eccentricity of $ighra orbit also. 

(8) Bhaskara II, has measured difference of 
mandocca - madhya graha in anti clockwise 
(position . direction) and madhya - sighrocca in 
opposite direction, Madhya is faster than mandocca 
but slower than éighrocca. However, both 
measured same way make no difference. 


Verses 113 to 120 - Bhuja and koti phala and 
karna 

According to sürya siddhanta, sphuta manda 
paridhi multiplied by R sin of bhuja of manda 
kendra and divided by 360° gives bhuja phala. 
When this paridhi is multiplied by kotijya (R cosine) 
of bhuja and divided by 360° it gives kotiphala. 
(113) 

When arc is smaller than 225’, it is same as 
its R sine (jya). Then arc or R sine need not be 
converted to each other. (They are taken equal). 
Only when arc is more than 225’, its sine is to be 
calculated. 


According to sürya siddhanta, Sighra kotiphala 
is added to trijyà (3438) when $ighra kendra is in 
six ra$is beginning with makara (i.e. 270° to 90°). 
For other $ighra kendras (i.e. 90° to 270°) it is 
Substracted from trijyà. 


This is kotija bhujaphala, used for correction 
Of radius and should not be considered an arc. 


In sürya siddhànta - Squares of bhuja and 
koti phala are added and square root of sum is 
taken. Then we get $ighra karna. Bhuja phala 
multiplied by trijyà (3438) and divided by $ighra 
arna gives Sighraphala in minutes of arc. Sighra 
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phala is used for first and fourth corrections of 
five star planets starting from mangala. Sun and’ 
moon become spasta with only one correction with 
mandaphala. But in five tara grahas, $ighra phala. 
correction is done at first, then mandaphala 
correction is done twice. At fourth step, Sighra 
phala correction is done again. When sighra kendra 
or manda kendra is less than 6 raéi, sighra or 
manda phala is positive, hence always added for 
correction. When kendra is more than 6 raéi, phala 
is substracted. 


Notes : (1) List of given formulas 
Manda Paridhi — Mandatrijya 
360° —. Trijyà(3438) 
Hence manda trijyà r, bhuja of manda kendra 
0 give 
r.Rsin 68 


Bhujaphala - TURCO ME sin 0 


In sighra paridhi, R + r cos 6 is calculated 
for known distance of true planet. Cos 0 is positive 
from 270° to 90° hence it is added, otherwise 
substracted. 

Sighra Kama = VBhuja Phala? + Kotiphala? 

(both of $ighra paridhi) 

ie. r = Vi gin? 9 + r? cos? = radius of sighra paridhi 

or Sighra karna, 0 = bhuja of sighra kendra. 
r.Rsin@ 

R 

Proofs are obvious when diagram of sighra 
or mandaparidhi is seen. Sin 0 is positive when 6 


is between 0° to i80° hence manda or sighra phala 
is positive and is added. 


Sighraphala = r sin 0 = 
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Verses 121 - 123 - Correction in madhya tara 
aha— Madhya graha corrected by half of $ighra 
phala (addition or substraction) gives first graha 
(corrected). Manda kendra is calculated for first 
graha and half of its mandaphala correction gives 
second graha. Manda kendra is again calculated 
for second graha. Its correction by mandaphala 
(full) gives third graha. For third graha, $ighra 
kendra and sighra phala is calculated. On correction 
of third by this Sighraphala, we get fourth graha 
which is the true position of planet (spasta graha). 
Notes (1) - If madhya graha is Po, Ist and 
4th sighraphala are Sı, and S, 2nd and 3rd 
mandaphala are M; and Ms, graha after Ist, 2nd, 
3rd, 4th correction are Pi, P2, P4, P4 then 


Sı 
Pi = Po t 

M2 
P = Pt 
P = Po + M3 
P4 = P} + S4 


Here Sı and S, are calculated for: Py and P}, 
and M2 and Mi are calculated. for Pı and P;. 


Correction order can be indicated by : 


S M 

7 +> tM+t S B 

(2) Aryabhata method For superior planets 
S M oy | 
soy MS g 

For inferior planets (vernus and mercury) 
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S 
5* M +S (only 3 steps) 


ris has calculated $ighra kendra in opposite 
direction (Sighrocca - planet), hence it is substracted 
for 0° to 180°. 


Bhaskara I method M + 2 +M+S5S 


S i 
For inferior planets at M + S (only 3 steps) 


S/2 for inferior planets is corrected in reverse: 
way and $ighra kendra is calculated from its. 
mandocca. - , : 

` Sürya siddhànta method is the traditional and ; 
most popular method in country. It has been: 
followed in siddhanta darpana also.  . 1 

(3) Further explaination of variations in manda; 
and éighra paridhi. (In continuation of note 2 after, 
verse 112) 


Eccentricity e of orbit = — 


where m smallest value of manda paridhi i 

a = semi major axis = Rtn 1 

= difference between maximum and mini-; 

mum vales of manda paridhi. ; 


m 1 

Thus e = Ren R PPIOX n very small. 
2 
It is also given by e = M 


= V7n approx as n is very small. 
R 
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Thus approximately, e - E = y 2n 


R 
or m = V2nR 
2 
m 
orn= 3p ,m= eR 


This gives method of calculating maximum 
manda pardhi and its correction term For sun, 
max. paridhi is 14° (= 2 zm) and max correction 


is 20’ (= 27m) 
e = Vn = 0,043 
R 
_m 
e = ^ 0.039 


This is similar by both method. Thus correc- 
tion depends on value of max manda paridhi. 


(4) Reasons for starting correction with $ighra 
phala - Mandaparidhi is measure of eccentricity of 
orbit (e=mV/R) which is very small and less than 
1/50. Shighra paridhi is ratio of smaller orbit to 
bigger orbit among the orbits of earth and planet 
round the sun. This varies from 1/9 to 3/4 
approximately. Hence at first step manda correction 
can be neglected and only $ighra correction in 
done. 


For inferior planets manda correction also is 
done in sun's orbit, not in the orbit of planets. 
Hence alternatively, manda correction can be dong 
before gighra as stated by Aryabhata and Bhaskaral. 

We do not calculate manda or Sighra kendra 
from true planet, but from mean planet which is 
an approximation. Hence only half corrections are 
done for gighra and manda in beginning. Prob- 
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ability of negative or positive error will be both i 
equal in half corrections and are likely to cancel; 
each other. Then manda correction in full gives ; 
heliocentric anomaly of the planet - called manda ; 
spasta graha. Its last correction by $ighra phala has ; 3 
been explained in note (3) after verse 112. i 

Since Sighra and manda corrections are com- ; 
parable, their half correction only is taken at a ; 
time. After 2nd correction error is reduced and : 
after full manda correction, exact sighra phala can ; 
be determined. F 

(5) This is a type of calculation based on d 
probabilistic value of errors which is called "Monte- : 
Carlo method’ in modern numerical analysis.. ; 
Reduction of error at each step is similar to : 


‘iteration method’ for system of non-linear equa- : 
tions. : 


iS) Xa x Xx 
Figure 19 - O«O'«1 Figure 20 for - 1«O'«O 


Method of iteration for numerical solution. j 
Solution for y = (x) is its point of intersection . 
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with line y = x whose slope with x axis is 1. Figure 
19 explains the approximations when slope is 
positive and figure 20 indicates negative slope of 


d® 
y = $09 Slope is ®’ (x) or de’ it is positive when 


function in increasing, negative when it is decreas- 
ing. In both cases its numerical value is less than 
1 ie. slope of y= x. Only in such case successive 
approximations will reduce the errors at each step. 
For sighra and manda corrections also, the correc- 
tions are much smaller than 1 as explained in 
previous para. 


Xo is the first approximation (like madhya 
graha). Xj, X2, X - - - are next approximations. 
When function (sighra phala or manda phala) is 
increasing, i.e. correction is additive, all the 
approximations are on left side of, or less than 
true value x. When correction is negative, i.e. 
function is decreasing (Fig.10) x1, x, x3 - - - 
alternate on either side of the true value. 

In both cases, diagram shows that errors 
decrease at each step, which was purpose of our 
corrections. 


(6) Reasons of half corrections in first two 
steps - By full correction we may over correct and 
may not decrease the error which is required for 
iteration. Half correction will always reduce the 
error. Full investigation can be done only, with 
Lyapunov's conditions of stability. However taking 
half of the approx value of correction, probability 
Of positive and negative error both are same and 
it wil be approaching zero in end. 
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It is. similar to methods used by computer 
which divide the line segment into two parts for 


X, b, bebo 


Figure 21 

numerical approximation. In figure 21, solution of 
f (x) = 0 is its intersection with x axis. On one. 
side of true x", there is a point a, for which f(x) 
is — ve and on other side f(b.) is + ve. We take 
midpoint c of interval (ao, bo). If f (c) is negative, 
we make it the new point in place of a, where it 
is negative. Thus we go on dividing the interval 
for better approximations. 


Verses 124-131 - Special correction for 
mangala and budha - For mangala, 3rd and 4th 
phalas in kalà are muthplied and divided by 10. . 
Result is substracted from last karna. 

Then we get result in lipta etc. This result is added 
to 4th (sphuta) graha when manda kendra is 0* 
to 180°, otherwise substracted. If 3rd kendra- 
: (manda) of mangala is from 90° to 270°, 4th phala `: 
is substracted from 55, result is multiplied by 
manda koti phala of 3rd operation. This result is 
substracted from 4th karna. This is substracted from ` 
5th graha, then we get 6th sphuta graha. If manda : 
kendra of 3rd planet is 270° to 90° then this ; 
correction is unnecessary. (fifth graha will be true). : 

Madhyama budha is substracted from budha : 
Sighrocca, already corrected for parocca. This $ighra ` 
kendra is used to find half of first sighra phala, : 
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which is kept in Ist T In 2nd and 3rd places, 
we keep half mandaphala obtained from madhyama 
budha after 2nd operation (Corteeeon with half 
manda phala). 


At 2nd place, this mandaphala is multiplied 
by half sighra phala at Ist place and divided by 
half of the 4th $ighra phala. 1/3 of the result is 
substracted from mandaphala at 3rd place. 


The new manda phala is used to make 3rd 
correction of madhyama budha. From that 4th 
Sighra phala is obtained and kept in 2 places. At 
2nd place it is multiplied by 3rd kotiphala divided 
by radius (3438)) Result is added or substracted 
at Ist place (addition is done when manda kendra 
is 90° to 270°). This $ighraphala is used for 4th 
correction. Then we get more correct result com- 
pared to Sürya siddhànta. 


Notes : The rules are lengthy and confusing 
when stated in words. 


(1) Rules for mangala - 


Po, Pi, P2, P5, Ps are the mean planet and the 
planets after Ist, 2nd, 3rd and 4th correction. Sı, 
S, are $ighra phala for Ist and 4th corrections, 
when éighra kendra is calculated for Po and P3. 
Mz Ms are mandaphala for 2nd and 3rd correction 
Where mandaphala is calculated from manda 
kendra of P, and P;. 

Thus P, = Po + S:/2 (S & M may be + ve or 
- ve) 

Po = Pi + Z, Ps == Pz + Ma, Pa = P3 + Se 

51 


xe 
Thus P = Po + 5 * —5- + Ma + S4 = True graha 
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rj r4 are Sighra radius for Sı, S4 and rz, I3 . 
manda radius for M2, M3. If 0 is manda or Sighra ; 


kendra (bhuja), 


"Mor S = r Sin 0 For mangala we obtain Ps. 


and Peg and further corrections of true planet. 


x 
Fifth correction Xs = |r4 — 10 in liptas 


P5; = P4, + x; when manda kendra of P4 is : 


between 0° to 180° 
or = P; - xs when it is between 180° to 360°. 


When manda kendra of P, is between 270° 
to 90° this Ps is the last correction needed. If 
manda kendra of P3 is between 90° to 270°, 


sixth correction 

X6 = T4 - (55 = S4) I3 COS 04 

Pe = Ps - X6 

(2) Correction for Budha - S is sighra sa 


$ 
of budha corrected for parocca. From 2l we! i 


2 


calculate M2’. For third correction we do not’ 


calculate M3’ from 2nd planet. 


s , $1 
3rd correction - 3 a] = X3 
S4 is calculated by general method. 


The new éighra phala after P? + x3 = Py, is; 


called Sy. 


Fourth correction x4 = S,' (1 + r3 Cos 03) E 


Addition is done when 04 is 90° to 270° 
P,’ = Pj + x, (addition for 0° to 180°) 


i 
3 
i 
3 


4 


1 
1 
H 
$ 
ki 
E 
3 
1 
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P; and P4 are planets obtained by revised 
method. 

Verses 132-138 - True speeds of sun and 
moon. 

Now true speed of graha is considered. The 
speed changes every moment, but sphuta gati of 
a day is the difference between sphuta graha on 
two successive days. Strictly this will be average 
daily speed for that day. 

Dainika gati of mandocca, substracted from 
dainika gati of mean graha, gives danika gati of 
manda kendra. Dainika gati of manda kendra 
multiplied by -manda kotiphala and divided by 
radius gives manda gatiphala for one day. This is 
added for manda kendra in 6 raóis from karka ; 
in madhya gati of graha. Other wise it is 
substracted from madhya gati. This result will be 
manda sphuta gati for one day ie. from sunrise 
to the next sunrise. 


At sunrise, difference of true moon and true 
sun gives the balance part of current tithi. This 
(added to sunrise time) gives ending time of tithi. 
At that time true moon is again calculated and 
further correction of tithi end time is done. This 
accuracy in knowing beginning and end of tithi is 
needed only for ascertaining time of eclipse or ol 
$ráddha (last rites). For normal works, the true 
Position of sun and moon and their speeds al 
Sunrise will be assumed constant for the day. 


Notes : (1) List of all terms as revision and 
summary 


Mandocca-Madhya graha= manda kendra M. 


| 
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Sighrocca - madhya graha = Sighra kendra s 
Manda kendra or Sighra Kendra - 0 


Figure 24 
True position of graha is P’ while mean graha ; 
is at P. Radius r of manda or $ighra paridhi is: 
PEU : 


EP’ is karna = K (Sighra or manda) 
EP = R, radius taken as 3438’. : 
2 x r is expressed in degrees of manda or. 
$ighra paridhi. : 
PN’ is perpendicular on Karna EP’, N' is true’ 
position on Kranti Vrtta. Thus PN’ is the correction : i 
in mean motion called $ighra or manda phala. 
Mandaphala - PN' - almost P'N. i 
It is slightly less than P’N, perpendicular from | 
P' to EP extentled. 1 
P'N = Doh phala or Doh jyà 
= r Sin 0 


@xR 
Mandaphala PN’ one 


R +rcos @ 3 
Kotiphala PN is addition to the mean tjyà 
in that direction PN == r cos 0 


Sighra or manda karna K - EP' 1 
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K?- (R + r cos 0} + (r sin ey 

-R*rP-42rRcos0 

(2) Now the speed can be calculated with help 
of differential calculus. These results cannot come 
by any other method and are according to sürya 
siddhànta. 

In figure 24 in above para, is angle of ucca 
point U with mesa 0° at A. Then madhyagraha at | 

P= +46, mandocca = $ó 


Thus ar = S + ao, (t is time) 
dt dt dt 
or dainika gati of madhya graha = gati of 
mandocca + gati of manda kendra. 
True graha is at N’ = P + r sin 0 (negative 
correction) 


or am LIRE + r cos 0 96 as r is constant. 
dt dt dt 
Thus additional gati i.e. correction -- r cos 
d0 
|! dt 


- kotiphala x gati of manda kendra. 


Verses 139-142 - Sighragati of tara graha. 
Sighrocca gati —madhya graha gati = Sighra 
kendra gati. Sighra phala is substracted from 90°, 
it is multiplied by daily motion of $ighra kendya 
and divided by $ighra karna. Result substracted 
from gighrocca gati is $ighra sphuta gati. If it is 
more than Sighrocca gati, reverse substraction gives 
retrograde motion. In this way 5 tara graha have 
two types of gati—manda sphuta and śighra 
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sphuta. Ravi and candra have only manda sphuta 
gati. 
Notes : (1) Like above, madhya graha (manda 


sphuta for $ighra gati) is at P, and P’ is sphuta 
graha. 


Sphuta kendra $-—P is given by ® where ® 
is longitude of sighrocca. 


dð --—dP dọ 


a a ae’ t is time pee in days 
i.e. dainika gati of Sighra kendra = gati of 
Sighrocca - gati of madhya graha 
P' is sphuta, its component perp to radius is 
‘P + r sin 0 


dP’ dP — dO 
Hence dt = at cos 6 


= qc V ^ rs 0) 
dP "T d 0|R - Rr Cos 0 


dt dt dt R 

` Thus negative $ighra gati phala is 
R-r.Rcos@ 
SEA EE 


_ Sin 90? — Kotiphala of sighra approx) 
Sighra Karna (app : 
(2) Exact derivation assuming variation of: 


karna also - i 


Figure 25 Figure 26 
(Inferior planet like venus, mercury) superior planet 


E = Earth, S = Sun, V- inferior planet (Fig 
25) 

J = Superior planet (Fig 26) 

SA, EA’ = direction of mesa 0° from sun and 
earth 

= $ighra amomaly, n = sphuta kendra 

R = bigger orbit radius = SE in Fig 25 

or SJ in fig 26. 

r - smaller orbit radius - S V in fig 25 

or SE in fig 26. 

K - Sighra karna i.e. distance from earth to 
planet (true) = EV or EJ. 

True motion of planets 6 (A’EV) oró (A'E]) 

But 6 (A’EV) = ô (sey - n), and ò (A'E]) 
= 6 (A'ES-n) 

For inferior planet, ò (A’EV’) = 6 (ASV) = 
Sighrocca gati, ôn = sphuta kendra gati. 


For superior planet, 6 (A’ES) = Sighrocca gati 
(sun is gighrocca for superior planet) 


òn = sphuta kendragati as before 
Thus in both cases, 
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Sphuta gati - $ighra gati — sphuta kendra | 
gati- (1) : 
To find ôn, from figures 
K cosn-Rcosme=r --- (2) 
Differentiating (2), we have . l 
-k sin nón + cos n. ôk + R sin mô m= 
0 (3) 
But k? = R? + r? + 2 Rr cos m 
Differentiating, 2KôK = - 2Rr sin m ôm - (4): 
Eliminating ôk between (3) and (4) 
Rr sin m ô m x cosn 


—k sin n ô n- — ——k  .t*Rsinmóm-0 


set 


meal E D a RAR Sra ant ere una dl SAE ie ot 


anite ste tace 


P r i 
or K sin n ôn = R sin m ô m (1 - y cos n) 


R si ô 
P E 
K 
But K-r cos n = R cos E 


S de Rsinm óm x Rcos E 


Kê sin n 
But R sin m = k sin n 
R cos E dm 
K 

(3) Proof of approximate method. 
óm xR 

K 
óm = mean motion, k = manda karna 

ôm x R 


Ao a 
R? + i? + 2R r cosm 


i 
t 
i 
i 
H 
i 
1 
1 


so ôn = 
Mandagati phala = 


Thus mandagati phala = 


2 3 : T 
=dm (1+ = cos m) 1? neglecting square of R 


= ôm (1 + 5 cos m) 
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rRcosm dm 

R `'R 
Kotiphala x manda kendragati 

: R 

(4) Approximation of true distance and daily 
motion can be done by epicyclic or eccentric circles 
also by successive approximation. That can be seen 
in commentary on Mahabhiskariya by Prof. K.S. 
Shukla published by Lucknow University. 
Geometric explaination of Lalla method can be seen 
in commentary on Sisyadhivrddida tantra by Smt. 
Bina chatterjee published by INSA, Delhi-2. 

Verses 143-150 - Gati phala at four stages for 
tara grahas- When Sighra sphuta gati is more than 
daily mean motion, then madhyama gati is sub- 
stracted. When daily mean motion is more, $ighra 
sphuta is substracted from it. 


When éighra sphuta gati is vakra, it is added 
in daily mean motion. The result in either of three 
cases is called first gati phala whose half is taken. 

When sphuta $ighra gati is more, it is added 
in daily mean motion. When sphuta Sighra gati is 

‘less or vakra, Ist gati phala is substracted (half 
only) from madhya gati. This is Ist corrected gati. 

First gati is forward or reverse. It is multiplied 
by manda kotiphala and divided by trijya. Half of 
the result (2nd gati phala manda) is taken. 

When manda kendra is in 6 ràáis starting from 
karka (90° to 270°), 2nd gatiphala half is added to 
Ist gati otherwise substracted from Ist gati. Result 
will be 2nd gati. 

_ Again 2nd gati is multiplied by manda 
kotiphala and divided by trijya (3438) and full result 


-ómt 


= ÔM Ł 
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(3rd gatiphala) is used for correcting 2nd gati 
(addition or substraction). Result is 3rd gati. 
Third gati is multiplied by $ighra koti phala 
and divided by $ighra karna. Result is 4th gati 
phala, which is used to correct 3rd gati. Then 4th 
gati is the true gati. If 4th gati phala is more than 
$ighrocca gati then motion is reverse (vakri gati). 
This method is more correct then sürya siddhanta. 


Verses 151 to 158 - Special methods for true 
speed— When mandocca of mangala, budha or Sani 
is moving forward, its speed is substracted from 
Ist and 2nd gati. If it is vakri (in reverse motion), 
its speed is added. From these corrected, Ist and 
2nd gatis, we find 2nd and 3rd gati. New 2nd and 
3rd gati are substracted from sphuta $ighra gati for 
Ist and 4th gati. 


Fourth gati phala of budha is kept in two 
places. At one place, it is multiplied by manda 
kotiphala and divided by radius (3438). Result is 
added to 4th gati phala in second place, when 
manda kendra is in six raSis starting from karka 
(90° to 270°). Then sphuta gati of budha will be 
more correct. 

If Sighra gati half is vakra, it is added to 
negative mandagati half or difference is taken from 
positive half mandagati: Result will be vakra 
(reverse) gati. Mandagati (2nd or 3rd steps) phalas 
are added in six rà$is starting from karka and 
substracted otherwise. 

Many methods of finding true planet from 
mean planet are coming to mind, but these are 


not given here (by author) as they are very 
complicated. 
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Daily true motion is used for finding transition 
time of graha from one rasi to next or in 
conjunction (yuddha) of planets. For ravi and 
candra, method is different. 

Notes : Method for $ighragati phala and 
mandagati phale has already been explained. 
Reasons of vakra gati will be explained when its 
starting or ending point are calculated. 

Verses 159-160 - According to Sürya siddhànta 
tara graha becomes vakri when its 4th sighra kendra 
has the given values - 

Mangala 163° Sukra 167° 
Budha 146° Sani 115° 
Guru 126° . 

At 4th sighra kendra obtained by substracting 
these values from 360°, the graha again becomes 
margi. 

Notes (1) Derivation of 4th sighra kendra for 
vakri gati. We assume that heliocentric orbits ‘of 
earth and Jupiter around sun are both circular and 
coplanar. 


Figure 27 - Explaination of vakri gati and its position 


226 l Siddhānta Darpana 


Let S == Sun, E = Earth, J = Jupiter, u = 
earth’s linear velocity. Sighra karna EJ = k, 
v=velocity of jupitar. 


r and R are orbital radii of earth and Jupiter. 


EE’ and JJ are parpendiculars to EJ so that 
when relative velocity of Jupiter with respect to 
earth, i.e. perp to EJ is zero, Jupiter will appear 
stationary as seen from earth. 

This means that u cos@ + v cos € = 0 - - - 


- (1) 


----() 


From AESJ, R cos ¢ +kcos@=r --- (3). 


rcos¢-+ kcose=R - - - (4) 
osé€ — rcosQ - R 


$ 
i 


From (3) and (4)), mU =" perum ..(5) | 
. COSE ; 
Equating "Oud from (2) and (5) 
^W rcosQ-R i 
TV ~ Res¢? -r = mat 
4, _ tut Rv 
cosp = svr Ru 
If m is śīghra anomaly, then m = 180° - @ 
. ru + Rv 
mem [Pom - - - (6) | 
This is equivalent to formula given by. 
Bhaskara. H A 
obs . RceosE.óm 
spasta gati = Sighra gati - EE —— 
Rcos E. óm 


spasta gali = 0, if Sighra gati = SS n: 
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ie. Jupiter appears stationary as seen from earth, if 
R cosE . óm 


éighra gati = K 
Angular velocity of earth and Jupiter are z and z 
so that sun's apparent velocity is also u/r 


-- Kendra gati - sun's apparent velocity 
-- Jupiters heliocentric velocity. 


ze oM 
E. R i 
Substituting this in (7), 
R E. 
Sighra gati = 3 - = c a p 
E R E 
*(Rosr-)- T x 


Hoi me i dui 
So 7 X (- r cos 0) = v cos E 


orucosÓ + v cose = 0 

which comes to equation (1) 

Sighra kendra m is obtained from (6) 

where r = radius of Sighra paridhi or antya 
phala jyà, R = 3438’, u = mean velocity of sun 
. and v = mean velocity of the planet. 

(2) Some observations on $ighra phala and 
Sighra gatiphala - 

We have M; + E; = S ........ (1) 


Where M2 = Mandasphuta graha, E : = Sighra 
phala, s-sphuta graha. 


Differentiating this 
OM2 + ôE = 0S ---- (2) 
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i.e. Mandasphuta gati + $ighra gatiphala 
- spastagati 

(a) Let E; be maximum so that dE = 0, 

then ôM: = 6S 


This means that when sighra phala is maxi- 
mum for sighra kendra 90° or 270° (Sin is 
maximum) manda sphuta gati is the spasta gati. : 


(b) Planets starts retrograde motion only after 
the spasta gati vanishes i.e. 6M2 + óE; = 0 


Taking ôM: to be almost a constant, since: 
mandagati phala is small, the negative value of. 
ôE2 must cancel 6M2. dE2 becomes negative when: 
sighra kendra is between 90° to 180° or 270° to: 
360° when value of sine decreases in value. From 
180' to 270' it is negative, hence its net value; 
increases. Thus the planet will have zero velocity’ 
at two points symmetric to 180° (S’ towards a and; 
b) 


ettet aab Tent: Caras 


Thus if retrorade motion starts at 180° - 0 it 
will stop at 180° + @ = 360° - (180°-0), where its: 
velocity becomes 0. 

Keeping earth constant, an inferior planet goes: 
anticlockwise whereas superior planet goes clock-; 
wise which is direction of sun’s motion. ; 

(c) Values of spastagati at S' and C will be 
by putting R Cos E = R in formula) 

Rcos Eó m 

K 
Here, Sighra gati = U, dm = U-V 
K=R+t+r at S’ 

R-r atc 


Spasta gati = Sighragati - 
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e er DR (Dee yrs 
Spastagati = Rar a and 
URU re 


R-r 
RV +rU  RV- rU 
Rer (OR 
RV +rU | RV- IU. 
R+r R-r 
if R? V-2 RV + Rr U - r? U > R?V - Rr U+rRV 
atu l 
i.e. if rR (U-V) > Rr (V--U) 
i.e. U-V is + ve and and equal to V-U. 
Thus positive velocity at S' of the planet will 
be equal to its negative or retrograde velocity at 
c. Thus velocities direct or retrograde will always 
be less then S or c at any point between them on 
either side. 
Verse 161-164 : Udaya- (rising) and asta 
(setting) of planets is of two types - practical is 
rough (sthüla) and drik siddha is sük$ma. (accurate) 


The planets set in west when their $ighra 
kendras cross the following values - 


respectively. 


Mangala 332' Sukra 177° 
Budha 159° Sani 343° 
Guru 346° 
For rising in the east, last sighra kendra is 
Mangala 28° Sukra 183° 
Budha 201° Sani 17° 
Guru 14° 


For setting in east, Sighra kendra of inferior 
Planets are, Budha 310° Sukra 336° 
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For rising in west, $ighra kendra are 

Budha 50° and Sukra 24° ; 

Notes : (1) Rising of a planet means that it : 
is above horizon of earth. But tara graha are visible ; 


only during night time, so their rising is only seen : 
at night. 


Obstruction due to sunrays makes the tara 
grahas invisible during day. When they are away | 
from sun sufficiently, they can be seen. That is 
called heliacal rising or drk siddha udaya. : 

(2 Sun's velocity is greater than superior : 
planets, so sun overtakes them so that they set in : 
west and rise in the east. When these planets are . 
situated within particular limits from the sun, they ` 
will be invisible in the rays of sun. Thus they will : 
be invisible at conjunction with sun and within : 
particulars limits from position of sun. The total. 
difference from sun depneds not only on difference : 
in longitudes, but also on difference in $ara (north | 
south distance.) : 

The limits of invisible distance from sun, 
depends on their distance from sun and relative 
brilliance. The brilliance also depends on their ; 
phase, i.e. part of illuminated disc facing earth. ; 

1 + cos EPS 


Phase is Esca ZEPS = sighraphala E2, 


E CB EE 


1 + cos E2 i 
a E : 


At conjunction E? = 0, entire planet will be! 
iluminated but we cannot see them, because they | 


hence phase = 
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will be immersed in rays of sun. With increase in 
E, Cos Ez will decrease and lesser part of disc will 
be illuminated. Since distance also will decline, 
luminousity will not be affected. (from S' to a). In 
path acb, planet gains in illumination and distance 
also decreases. Thus superior planets appear more 
and more briliant when they are retrograding, 
being most brilliant at c. 


Spherical radius of jupiter, saturn and mars 
are in decreasing order, so that they will be visible 
at angular distances in increasing order. Inverse 
square law of reduction in brilliance with distance 
(karna) works but doesn't counter the effect of 
sizes. Thus sighra kendra of these planets are 14°, 
17°, 28°. In udaydstadhikara, Kalàrnáa is slightly 
less, because distance will be (Sighra kendra — 
$ighra phala.) 

(3) Inferior planets rise heliacally in the east 
after inferior conjunction and then they are 
retrograde. They attain gradually the maximum 
elongation in the east, then direct motion starts. 
When elongation gradually decreases and after 
going ahead of sun, they set in east. Thereafter, 
they heliacally rise in the west. There again, their 
elongation attains a maximum value, after which 
they become retrograde. After crossing sun again 
they gradually set in west and rise in east. (Figure 
18 may be seen). 


When the gighra anomaly of budha and éukra 
are 50° and 24°, their sighra phala will be 13° and 
11°, so that they are the kalaméa i.e. elongation 
from there mean sun. Then, they rise in west, 
being near superior conjunction. When their $ighra 
anomalies become 159° and 177°, same sighra phala 
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will arise, so that they set. heliacally in the west. 
Then as $ighra kendra attains symmetrical values 
on other side of 180° i.e. (360°-159°) and (360°-177°) 
ie. 201° and 183°, sighraphala are same, they rise 
in the east. Again, when they obtain sighra kendra 
(360°-50°) and (36'-24*) i.e. 310° and 336°, they 
set in the east due to same Sighra phala or kalamSa. 

Verse 165 - Moon sets when it is 11° behind 
sun and rises again when it is 11° ahead of sun. 


Note : This is not related to rising in east or 
west. It is visibility near sun, which starts after 
11° distance from sun. 12° difference from sun 
makes 1 tithi (in 360* difference there are 30 tithis 
15 in bright half and 15 in dark half) Thus in 
amávásyà, moon is not visible. It is again visible 
slightly before 2nd day of bright half (12° advance 
of sun). Thus start of 'düjà' in muslim calender is 
counted from sighting of moon. 

Verse 166 : To find mean planet knowing the 
true. 

Assume the true planet to be the mean; 
compute the manda and $ighra phala and apply 
them inversely. We have approximation of the 
mean planet. Treating this as mean planet, again 
obtain manda and $ighra phala and apply them 
inversely. The process is repeated, till constant 
values are obtained. 

Notes : This is method of successive ap- 
proximation 

Verses 167-187 - Use of tables for calculation 
of true planets. 

Calculation of true planets is very long and . 
difficult process and there are chances of error. 
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Hence I (author), am giving correct Khandaphalas 
in a chart for easy calculation (167.) 


In appendix, there is chart of manda and 
&ghra phala, for parts of 0 to 24 (24 parts of a 
quadrant of 90' are 3'45' each). This contains 
kotiphala of all planets, gatiphala of tara grahas, 
atiphala of ravi and candra, $ighra of 48 parts 
(180°), difference of khandaphala, $ighra karna in 
liptà (minutes of arc), degrees for cakra entry, 
kranti, Sighra kendra for rising and setting etc 
(170). 

From the values in the chart, manda kendra 
bhujaphala in degrees, minutes, seconds etc are 
separately multiplied by 8, vikalà (seconds) etc. are 
divided by 60, when they become degree, they are 
added to the degrees. Total degrees are divided 
by 30 to make rà$i. This will be past (gata) phala. 
(172) 

For extra degrees, they are multiplied by 
difference for the khandaphala and divided by 60. 
Result is added to degrees obtained earlier. 
Remainder is multiplied by 2 and added to 
mandaphala khanda. This way, mandaphala of a 
graha is calculated, which is added or substracted 
according to rules earlier explained. 


Manda kendra gati multiplied by difference. 
of khandaphala and divided by 225’ (3°45’), is 
manda gati phala between two khandas. (173). * 

In appendix, parocca khandaphala of mangala, 
budha, Sani also have been given. Khandaphala 
difference and ucca gati at end of khanda has also 
been written. From them parocca phala is calculated 
and is added or substracted from manda kendra 
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of mangala, budha, Sani or budha $ighrocca, we 
get sphuta gati corrected for parocca. (174) 


Sighra khanda table also is prepared for 48 
parts (khanda of 180° i.e. 1 part of 3°45’. Sighra 
kendra is found by substracting manda sphuta 
graha from éighrocca. Sighra kendra in 6 raéi’s 
beginning with mesa is caled gata and in 6 rà$is . 
beginning with tulà it is called gamya. Rasi, degrees 
etc. of kendra are multiplied by 8 and divided by 
60 to get the khanda number (because there are 8 
parts of 3°45’ each in 1 rasi of 30°) as before. 
Khanda phala of completed parts is corrected for 
fraction parts by addition if khanda phala is 
increasing, or by substraction if it is decreasing. 
This is Sighra phala. (176) 

If $ighra kendra is in first 6 rà$is, khanda 
phala is added (to manda sphuta graha), or in 
other six rá$is it is substracted. This way madhyama 
graha is made sphuta by Sighra phala half, half 
mandaphala, full manda phala and full $ighra 
phala. (177) 


For ravi, candra and mangala, manda paridhi 
is different for different quadrants. So their 
mandaphala also has been written for 48 parts of 
180' like $ighra phala. For value between two 
khandas, we add fraction of khanda phala dif- 
ference if khanda phala is increasing. It is sub- 
stracted when khanda phala is decreasing. Manda 
phala is never retrograde. (178) 


For manda phala of mangala, there is no need 
of calculation between 22nd and 28th khandas. For 
that interval khanda phala is constant 11'2'47". 
(174) 
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Sighra kendra gati is substracted from khanda 
phala and result is divided by 225'. Half of the 
result is added to madhya gati, if Sighra phala is 
increasing. It is substracted, if $ighra phala is 
decreasing. We get Ist corrected gati. (180) 

First gati is multiplied by manda phala 
dfference between two khandas in which 2nd 
manda kendra lies and divided by 225'. Half of 
the result is added to first gati, if manda kendra 
is betwen 90° to 270°, otherwise it is substracted. 
We get second gati. (181) 

2nd gati is multiplied by manda phala 
difference for 2nd graha and divided by 225. Result 
is added or substracted from second gati to get 
third gati $ighra. (182) 

3rd gati substracted from áighrocca gati gives 
fourth $ighra kendra gati. This is multiplied by 
khanda phala difference of 3rd graha (manda 
sphuta) and divided by 225'. Result is added to 
3rd gati, if $ighra kendra is in 90° to 270°, otherwise 
substracted. We get spasta daily gati. If it is 
negative, graha is vakri (retrograde). (183) 

For mangala, budha and $ani, vakra mandocca 
gati is added to Ist and 2nd gati and maàrgi 
mandocca gati is substracted to find the kendragati 
from mandocca. Mandaphala of this manda kendra 
is found for second and 3rd gati. $ighra. , (184) 

If margi (forward) mandocca gati is more than 
first gati, then first gati is substracted. From 
remainder second gati will be calculated. Similar 
method is used for finding 3rd gati. Gatiphala is 
corrected in reverse manner i.e. substracted for 
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manda kendra between 90° to 270° and added for 
other values. (185) 


This way we get second and third gati of the 
three planets mangala, budha and Sani. (186) 


If Ist gati of budha and Sani is vakra and less 
than mandocca gati, then it is substracted to get 
second gati. If vakra gati is more, mandocca gati 
is substracted from it but mandagati phala is added 
or substracted in opposite order. (187) 


Verse 188 - If in chart of khanda phala, some 
khanda phala is missing or unclear, then its khanda 
number is multiplied by 225’ and for kendra of 
that kala, we find bhuja and bhuja koti. 

Verses 189-191 - Difference from sphuta sürya 
in degrees is given at which a graha sets due to 
sun rays 

Vakri Sukra 7°, Sukra (màrgi) 9° 

Guru 10°, Chandra 11° 

Budha 12°, Sani 14°, Mangala 16° 


These values in degree are multiplied by 1800 
and divided by rising time of the rasi in which 
$ayana sun is situated. This will be kSetramSa. If 
it is in west, then 6 rà$i is added to the result. 
Then kéetran$a is substracted from (sayana sun + 
6 rāśi.) 

When mangala, guru and $ani are less than 
ravi by at least the k$ehàn$óa, they rise in east 
before sunrise. When they are ahead of sun by 
kSetramsa, they set in west after sun. (Thus they 
are visible only in night). When vakri budha and 
$ukra are behind ravi by this kSetranga, they set 
in east and when ahead of ravi, they rise in west. 
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(Just before sun rise, since sun is coming upon 
horizon, they go down being vakri. During night, 
they are visible when sufficiently away). Similarly, 
.they rise in west just after sun set when vakri). 

Notes : (1) Rising times of rasis is explained 
in Triprasnadhikara. Briefly, rasis rise in different 
time because it is oblique with equator (23-1/2)"). 
At places farther from equator, obliquity rises and 
difference in rising time of rāśis increases. This 
calculation is done for sayana surya, because sürya 
goes on equator when sayana surya is at 0° or 
180°. Roughly the planets are assumed in same 
plane as sun, as their inclinations to ecliptic are 
very small. So rising time for their difference along 
ecliptic will be same as rising time of sayana sun 
for that ra$i. Since rising time is given for 1 rà$i 
of 1800 kala in asu, equivalent difference on ecliptic 
is given by multiplying given degrees (kalarmáa) by 
1800 and divided by rising time of rà$i. 

This is almost same as kàlàméa, being its 
projection on ecliptic. 

(2) When planets are behind sun, they nse 
before sun in east, if difference is more than 
kalaméa. Being behind, earth horizon in east meets 
them after wards. Vakri budha and éukra have 
already been explained. 


Verses 192-193 : Finding time of udaya or asta 


From the kalaméa given we can calculate the 
time in days since when graha has set or risen 
(heliacally). If their difference with sun is more 
than Kalaméga, the planet has already risen or set. 
If it is less than kalaméa, the time to reach kalaméa 
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can be calculated, which will be days after which 
planet will rise or set. 


(Difference of planet and sun - kalamáéa) is 
divided by difference in speeds of sun and the 
planet. The no. of days will be found since when 
planet is rising (or setting) or after which it will 
rise again. 

Verse 194 : Start and end time of rising and 
setting of planets should be written in the practical 
calender, because it is very difficult to find it by 
drk karma. 


Verse 195 : In appendix, khandaphala and 
their differences are given. Similarly differences of 
gati phala, and karna (in kala) also should be 
calculated and written. Sighrakarna, gati and 
sphuta positions etc will be found by values given 
for places just before the given position. Difference 
of phala is to be added or substracted when the 
value (phala) is increasing or decreasing. 


. Verse 196 : Frequency for finding true 
positions - Sun and moon should be made sphuta 
every day at sunrise time. At end of a pakSha, all 
graha should be made sphuta. Budha should be 
made sphuta in middle of paksa also (i.e. every 
week). When a planet becomes márgi from vakri 
or vice versa, or changing from one rá$i, nak§atra 
. to another, or start of rising time or setting should 
be calculated more accurately by method of 
successive approximations. 

Verse 197 - There are 200 kalà (minutes of 
arc) in a quarter of a nakSatra, 800 kala in a nakSatra 
and 1800 kalas in a rà$i. To find the days since. 
when the graha is in a particular rá$i, nak$atra or 
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quarter of a nakóatra, we take the difference of 
ráói etc of graha and the rà$i etc of the beginnig 
of rāśi, naksatra or its quarter. The difference is 
divided by sphuta gati kala. Result will be days 
etc since when the graha had entered that rà$i etc. 
When graha is less than rà$i of nakSatra etc, the 
reverse difference will be divided by sphuta gati. 
Result time in days etc. will give the period after 
which graha will enter that nakéatra etc. When 
graha is vakri, opposite process will be done. 

Notes : (1) Ediptic of 360° has been divided 
into 12 rāśis and 27 nakéatra of equal interval. 
Hence 

1 rasi = 30° = 1800’ Kala 

1 nakáatra = 13°20’ = 800’ kala 

-1 nakSatra quarter (1/4 or pada) = 3°20’ = 200’ 
kala 

(2) Rasi’s starting from 0° of ecliptic are 

(1) mesa (2) vrsa (3) mithuna (4) karka (5) 
simha (6) kanya (7) tula (8) vr$cika (9) dhanu (10) 
makara (11) kumbha and (12) mina 

NakSatras starting from 0° of ecliptic are 

(1) aSvini (2) bharani (3) krttika (4) rohini (5) 
mrga$ira (6) ardra (7) punarvasu (8) pusya (9) aSlesa 
(10) magha (11) parva phalguni (12) uttarà phalguni 
(13) hasta (14) citra (15) svati (16) vi$akha (17) 
anuradha (18) jyestha (19) müla (20) pürva asadha 
(21) uttara ásádha (22) $ravana (23) dhanistha (28) 
$atabhis. (25) pürva bhadrapada (26) uttara 
bhádrapada (27) revati. 

(3) Within a rà$i or nakSatra a graha can be 
assumed to have the same true motion hence the 
formula uses the relation- 
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Distance in kala = days X speed per day in 
kala. 

(4) Candra moves faster and position of candra ` 
and sun are to be known accurately for start of } 
day, tithi etc. Hence they are to be calculated each ; 
day. Other planets are not so important so they : 
can be calculated each pakáa (fortnight). Budha ` 
moves faster, hence its calculation should be done : 
twice in a fortnight. 

(5) For change of vakri or margi gati or rising : 
or setting times, the speeds change within a day , 
also. Hence calculation needs to be made accurate : 
by method of successive approximation. 


Verse 198 : Dainika spasta gati of a graha j 
can be found roughly by taking difference of spasta i 
graha at beginning and end of the pakśa (fortnight) | 
and dividing it by number of days in it (round ° 
figure of 14 or 15 when days are counted from; 
sunrise to sunrise) Difference between spasta graha ; 1 
on two successive days at sunrise is more accurate; 
dainika gati which is useful for calculation. Both 

differ very little, so very little error is made if we 

take average daily speed for a pakSa. If the two: 
are different, then method of successive approxima- i 
tion is used. 


Verse 199 - Fourth $ighra kendra is calculated } 
at the end of every pak$a. As already stated, Sighra] 
kendra of graha for which it becomes márgi or; 
vakri, its rising and setting has been given inj 
appendix. To find the position of Sighra kendra at; 
any time between pak$a ends, divide the difference: 
beetween values at end with days of pakéa and, 
add them proporitionately for the time passed. 


True Planets l l 241 


Verse 200 : 21,600 kalā divided by 30, 27, 12, 
27 and 60 gives measures of tithi, nakśatra, rāśi, 
yoga and karaņa, i.e. 720, 800, 1800, 800 and 360 
kalás. 

Notes : (1) Tithi, nakSatra, yoga, karana and 
vára are five parts of a calender - hence it is called 
paficanga. Vara is successive counting for days 
starting from sunrise, hence no calculation is: 
needed. : 

(2) Definitions - ’rasi’ is 30° part of the ecliptic 
where planets move. Rasi of a planet means its 
completed rāśis from 0° of ecliptic as well as 
degrees, minutes, seconds, lapsed in the current 
rasi. Though it is not part of paficanga, it is used 
to calculate all other parts. 

NakSatra is found by dividing ecliptic into.27 
equal divisions of 13°20’ each (total 360° = 27 X 
13°20’) Each part is nakSatra. ‘NakSatra’ mentioned 
in pancanga means the nakáatra which is occupied 
by moon at a particular time. 


1 
Tithi is 39h part of a lunar synodic month, 


i.e. the time when moon goes one circle more than 
sun. It is measured usually from the time when 
sun are moon are together, i.e. difference between 
their ra$i is 0°. That is start of first tithi called - 
amavasya, i.e. when sun and moon live (vasa) | 
together (ama = amity = closeness) Month can also 
be counted from time when sun and moon are in - 
Opposition (i.e. 180° away) Then full moon is seen, 
SO that is end of pürnimà tithi. The two systems 
of lunar month are called amànta (ending with 
anavasya) or pürnànta (ending with. pürnirna). 
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Tithis are not counted serially from one to 30 in 
lunar month. They are counted from 1 in each half 
(Sukla = bright and krsna = dark) In $ukla pakśa 
last tithi is written 15 and in krsna pakéa it is ` 
written 30 (denotin, end of month). ` 

Since 360° difference between moon and sun . 
causes 30 tithis, 1 tithis is result of 12° difference. . 
Thus difference of 0° to 12° is Ist tithi in $ukla ` 
pakśa after amavasya, 12° to 24°, 2nd tithi etc. . 
upto 180° the pakéa will be $ukla pak$a with 15 
tithis. Between 180° to 360° difference it will be. 
krsna paksa with 15 tithis. Thus the number of 
complted tithis 

. Moon - sun 

E D. . 

Fraction will. give the part elapsed in the 
current tithi which is next after completed tithi. ` 

When the quotient is more than 15, than 15. 
is substracted to know tithi of krsna pakáa. 

Karana is half part of tithi, caused by 6°. 
difference between moon and sun. Thus completed . 
karana since amavasya end 
Moon — sun 

. 6 i 

These are not counted from 1. to 60 in a. 
month, but there is rotation of 7 karanas like 7: 
week days, 8 times: in a month and 4 remaining . 
karanas are given separate names fixed at both j 
ends of a month. This is explained later in detail. 

Karana and tithi both indicate the phase of: 
moon, i.e. the . fraction of its disc which is: 
illuminated. Nakéatra and ra$i of moon (or any 
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other planet) can also be physically seen. But yoga 
is not a physical quantity. It is only a mathematical 
function given by sum of raéi etc of moon and 
sun (for tithi and karana, their difference had been 
taken). However, one full revolution of moon + 
sun is not divided into 30 parts like a tithi, but 
in 27 parts only like a nakéatra. Thus for each 
increase in sum of moon and sun by 13'20' one 
yoga passes. Thus number of completed yogas 
counted from time when sun of moon 4 sun was 
360° or 0° is 

Moon + sun 

13° 20’ 
. List of yoga is given later. h | 

(3) In a full circle there are 21,600 lipta or 
kala. Hence measure of nakáatra etc is found by 
their total number in circle by which 21,600 is 
divided. l 


Verse 201-202 - Calculation of tithi - 
Time lapsed (gata kala) and remaining time 
(gamya kala) of the current tithi is found by 
dividing difference of moon and sun in kala by 
720 kalas. Remainder is converted to vikala (on 
multiplication by 60). This will give gata kala. 
Dainika gati of ravi and candra is found by 
difference of current day and next day's position. 
Gata or gamya tithi is divided by difference tof. 
dainika gati of moon and sun. This will give value 
in danda etc. (when gata tithi was in vikala), This 
I$ rough approximation, sufficient for normal work. 
t this we have used dainika gati for 1 savana 
dina in stead of gati in 1 tithi. If further accuracy 
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is needed, we find gati of a tithi from dainika gati : 
and ravi, candra are further corrected. f 

Verse. 203 - Lapsed or remaining time in rãśi : 
or nakśatra — Sphuta kendra is converted to kalās ; 
and divided by 800. Quotient will be number of : 
past (gata) nak$atras counted from a$vini By: 
adding 1, we get the number of current nakSatra. . 
Remainder is the lapsed part (in kala) of the current 
nakSatra. Substracting this from 800’ we get 
remaining part. It is multiplied by 60 to make vikala 
and divided by dainika gati (in kala). This will give - 
lapsed (or remaining) time of nak$atra in danda 
etc. 


Sphuta candra converted to kala and divided 
by 1800 kala in a rasi gives number of completed 
ra$is. By adding 1 to quotient we get the number 
of current ra$i, counted from mesa. Remainder will 
be lapsed part (in kala) of the current rai). It is ` 
substracted from 1800’ to give remaining (gamya)- 
part. Gata or gamya part is converted to vikala by : 
multiplying with 60 and dividing by spasta dainika 
gati of candra. We get gata or gamya kala of the 
current rasi in danda etc. 

Note - Gata or gamya part (in kala) == x = 60 x vikala. 


Dainika gati = Difference in position in 1 day = = 
Hence Bapat _ xkalā x day = 60x danda 


gati Kalà/ day 
Hence n is converted to vikalà before division by gati. 


Verse 204 - Calculation of yoga 
Add the ràái of sphuta -candra and sürya. If 


L4 


it is more then 12 ràaái's, substract 12 rasi from the 
sum. It is converted to kalà and divided by 800 - 
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no. of kalà in a yoga. Quotient will be number of 
completed yoga counted from viskumbha. Add 1 
to it, we get number of current yoga. Remainder 
gives part of yoga lapsed in kala. By substracting 
it from 800’, we get remaining part of current yoga. 
Gata or gamya kala is multiplied by 60 to make it 
vikala and divided by sum of dainika gati of sun 
and moon. We get gata (or gamya) time in danda 
etc. 

Note : List of yogas -- (1) viskumbha (2) priti 
(3) ayusmana (4) saubhagya (5) $obhana (6) 
atiganda (7) sukarma (8) dhrti (9) $üla (10) ganda 
(11) vrddhi (12) dhruva (13) vyaghata (14) harsana 
(15) vajra (16) siddhi (17) vyatipata (18) variyana 
(19) parigha (20) Siva (21) siddha (22) sadhya (23) 
$ubha (24) $ukla (25) brahma (26) aindra (27) 
vaidhrti 


Verse 205 - Calculation of karana 


Add 360 kala to spasta ravi in kala. Deduct 
the sum from sphuta candra in kala. Divide the 
difference 360 i.e. no. of kala in a karana. Quotient 
is divided by 7. Remainder is number of completed 
karana. By adding, we get the current karana. 
Karana starts from second half of $ukla Ist day 
with 'Bava'. After end of seventh karana, again 
first karana ‘bava’ starts. In 30 tithis of candramàsa, 
there are 60 karanas. 7 Karanas are repeated 8 
times. Remaining 4 karanas are fixed (sthira) wHich 
are $akuni, naga, catuspada and kinstughna. 

Note : (1) Moving karanas start after Ist half 
of Ist tithi ($ukra Ist tithi) has already passed. 
Hence 360 kalà is added to ravi so that in difference 
from moon, 1 karana is deducted. 
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(2) Seven moving karanas (chala karana) are , 
- (1) bava, (2) balava (3) kaustubha (4) taitila (5) ' 
gara (6) vanija (7) visti or bhadrà. Last karana is : 
considered inauspicious for good work. Similarly ' 
sunday was not supposed a day for doing work 
out of seven week days. 


(2) Sthira karanas $akuni, naga, catuspada and 
kinstughna start from krsna 14th second half, 30th 
(15th krsna both halves) and śukla Ist tithi. 

(3) In vedanga jyotisa, 11 karana or half days 
were deducted from solar half year (equinox to 
next eginnox in opposite direction) to make it equal 
to lunar month. 371 tithis in a solar year are 
divisible by 7, though 365 days are not divisible, 
hence fraction of weeks remain. Similarly in half 
year, karanas (half tithis equal to 371) are divisible 
by 7. Out of 11 karanas last 4 are fixed, as in a 
month also 4 remain after 7 X 8 cycles of 56 karanas. 


Verse 206 - If at time of sunrise, the total 
gata and gamiya kala of tithi (720) is more than 
the difference in dainika gati of candra and ravi 
(i.e. difference is less then 720' per day), then tithi 
is long (tithi vrddhi) i.e. more than 60 dandas. 
Tithi vikala 720 x 60 divided by difference of 
candra and ravi gati, we get duration of tithi in 
danda etc. If it is more than 60 danda then there 
is tithi vrddhi, otherwise tithi k$aya occurs. 


Verse 207-209 - Extra and ommitted candra 
months- When in a càndra masa, there is sürya 
sankranti (i.e. surya goes from one rāśi to another), 
then it is called $uddha candra māsa (i.e. normal 
month). When there is no sürya sankrànti (i.e. 
sürya remains in same ra$i), it is called extra month 
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(mala or adhika masa.) Next amànta month is called 
normal candra masa. When there are two 
sankrantis of sürya in a càndra masa, it is called 
kéaya masa (lost month) - i.e. next, cándra masa 
is not counted. Before and after k$aya māsa, within 
4 months there are one mala masa each i.e. two 
mala masa in that year. First mala māsa is called 
sansarpa, k$ayamasa is called amhaspati and later 
malamasa is called mala. Both mala and kSaya masa 
are prohibited for any auspicious work. (207) 


In veda and smrti, the works which are 
prescribed, monthly and annual $ráddha can be 
done in sansarpa or amhaspati, but not in the later 
malamasa. Malamàsa is counted as a month for 
annual $ráddha of a dead man, when it coines 
within start and completion of a month. New work 
is not started in a malamàsa, but work started 
earlier can be continued. The following works can 
be done in a malamasa— 


Bath during eclipse, charity, observing rare 
yogas (auspicious times), sudden works, promised 
work, coronation, $ànti, pusti karma, functions 
related with child birth, $ráddha etc. (208) 

A k$aya māsa is repeated after 141, 122 or 19 
years. In current year (1869 when book was written) 
mandocca of sun was in mithuna, hence in 9 
months from phalguna, a mala māsa is probable. 
3rd months after kàrttika may be k$aya masa 
Magha month may be kéaya or adhika. 


Notes : (1) A lunar synodic month is 
approximately 29.5 days long, where as sürya 
remains in a rasi of 30° for 30.4 days. Thus lunar 
month is completed earlier and after about 30 
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months extra days in solar month will amount one : 
month and sun will not cross to next ra$i. Example . 
of mala masa is explained below - 


a B y ò y 
Sravana Bhàdra  A$vina Karttika Mārgśīrśa Pausa « 


A B C D E-.F G 


ABCD - - -- are kranti of sun. Signs on upper - 
part denote start of a lunar month. In Bhàdra there | 
is no sankranti so it is a mala masa. 


(2) Frequency of malamàsa - There are 1593336 : 
malamāsa is 51840000 solar months of a yuga i.e. : 
66389 adhikamasa in 2160000 solar months. 

66389 1 1 1 1 1 d qd 
2160000 — 32' +1’ +1’ +8’ +1° +1’ +5 

1 2 13 15 25 


1 
Convergents are a rs ssi as UIT 
1 


2 | 
33 and g5 are on either side of the true figure. 


Hence adding numerator and denominator : 
both, we get a better approximation. Thus 3/98 is ; 
ratio of adhika masa i.e. 3 adhika masa in 98 | 
months (solar). ; 


(3) Adhika māsa and year -- There are 
1,593,300,00 adhika masa in a kalpa of 4,320,000,000 
years l 


i.e. 5311 adhika māsa in 14400 years 
14400 SORS de hoch le b. d. d 


5311 1+ 2+ 2+ 6+ 1+ 1+ 7+ 8+ 2+ 
Successive Convergents are 
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1'3'8'7'55' 62 

Thus there are approximately 7 adhika masa 
in 19 solar years which was used in vedanga jyotisa 
(Rk veda). This was known in Romaka siddhànta 
and was called Metonic cycle in Greece. 


Next approximations also indicate possibility 
of kSaya masa in 19, 122, 141 years. 


Verse 210 - Thus the rough paficanga with 
its components like tithi and nakSatra is completed 
which may be accepted by the learned and they 
may perform every year the daily, occasional and 
conditional functions, fasting days, Sraddha, fes- 
tivals etc. according to this paricanga. This may do 
good of world as it is according to jyotisa samhità 
and well thought of. 


Verses 211-212 - For daily auspicious functions 
I am preparing this pancanga with positions of sun 
and other planets. While doing the work I pray 
to lord Jagannatha who is on nilacala shining like 
black soot (for eyes). 


Thus the fifth chapter describing true planets 
with their khanda phalas is over in siddhanta 
darpana written for education of children and 
calculation as per observation by Sri Candra$ekhara 
born in a famous royal family of Orissa. 


Chapter - 6 
CORRECTIONS TO MOON 


Scope - Accurate pafijika and further correc- 
tion to motion of Moon | 
General Introduction : 

(1) Equation for elliptical orbit round earth. 

 Eccentricity of moon is 0.0548442 = | 

So e? - 00.0030079, e? - .00016496 

.00000905 


lide powers e? etc are very small and can. 
be neglected. Thus 0 measured from mandanica or 
perigee is given in terms of position m of mean 
planet as 


1 ; 

Boe ae 96 ) sinm 

5, 11, É 
* (4e ~ 24 + 17 )sin 2m 

13 5 5) sin3 

(5e = aE ) sin 3m 

5 

=e = -= 4gp8 ) sin 4m + e sin 5m ... 
=m + (0.1096884 -- 0.00004124) Sin m 

(0.0037599  — 0.00000415) sin 2 m 


+ + 


0.0001787 sin 3 m + 0.0000097 sin 4 m 
m + 0.10964716 sin m + 0.00375575 sin2 m 
+ 0.0001787 sin 3 m + 0.0000097 sin 4 m 
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The sine ratios in radians are converted to 
1 g .. 180° 

kala (c0 degree) by multiplying with —— x 60 = 


3437.75 kala or 206265 vikala. Then 


0 = m + 376'56". 4 sin m + 12'54". 7 sin 2m 
+ 36". 9 sin 3 m + 2".0 sin 4m 


Here m has been calculated from nica or 
 prigee. If it is calculated from apogee or mandocca, 
then 
0 = m - 37656.” 4 sin m + 12'54"7 sin 2 m 
- 36".9 sin 3 m + 2". 0 sin 4 m 


Here m on right side is manda kendra - i.e. 
distance of madhya graha from mandocca of moon. 
Remaining terms are mandaphala. 

When 0 = 90°, sin m = 1 and sin 2 m = 0 

Then highest mandaphala depends only on 
its first term 377’ approximately or 6°17’. But our 
astronomers have taken highest mandaphala about 
3° only (radius of mandaparidhi of 32°). However, 
on new moon or full moon day, when moon is 
90° away from mandocca, then it is 1°20’ ahead 
of its calculated position. When moon is 270° ahead 
of mandocca or 90° from nica then it is 1°20’ behind 
its calculated position. Thus in both situations 
mandaphala correction is 6*16'56".4-1'20' = 4'56'.4 
(correction is-ve for m = 90° and positive for m = . 
270°). Thus maximum mandaphala is about,5° only 
as observed. 


However, in middle of a pakSa i.e. on 8th 
day, if this mandaphala correction for manda 
kendra 90° is taken as 5", then observed moon is 
3° behind calculated moon or 8° behind mean 
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moon. Thus cauculations in our siddhanta were 
true for pürnimà or amavasya when eclipse is to 
be calculated. One reason for such neglect is that 
accuracy is needed only for eclipse, other reason 


is that observations were done ony on pürnima or ; 
amavasya days or more accurately at time of eclipse. | 


This is still followed by muslims and even now 
eclipses are studied for more accurate observation. 


"——— Le! 


(2) Deviations in moon position due to effect - 


of sun - Effect of sun is three types 

(a) Attraction component of sun on moon in 
direction of earth moon radius, elongates the orbit 
in the direction of sun and away from it. It changes 
eccentricity of orbit and is called evection term. 
Since it changes eccentricity of orbit, called 'cyyti' 
it was called 'cyuti' sanskara by Sri Venkate$a 


Bapuji Ketakara in his Jyotirganita. Since it changes | 


angle from mandocca (or Tunga = top), it has been 
called "Tungantara' sanskara in siddhanta darpana. 


(b) Component of sun's attraction on moon | 
in direction of moon's motion advances it towards ; 


sun, which is maimum in middle of a pakśa and 
nil at its ends. This varied speed, hence it was 
called variation. Its frequency is in 1 pak$a, hence 


it is called pakéika sanskara in siddhànta darpana. | 


Sri Ketakara called it tithi sanskàára because it 
depends on tithi of the pakáa. 


(c) Due to difference of sun’s distance from 3 


Kee 


tebe ~ 


m 


earth or moon depnding on its direction from earth, 
its attraction force on moon varies in a period of . 
1 year. This is called digathSa sanskara as it: 


amounts to 1/10 of sun's equation. This is also ; 


called varsika sanskāra because its period of 
variation is one year. 


s 
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Figure (1) (a), shows force of attraction G due 


. M3 
Fig 1(a) - Fig 1 (b) Fig 1 (c) 
Figure 1 - Effect of sun's attraction on moon's orbit 


to sun. In positions A and B which are near to 
sun compared to earth, extra attraction on moon 
is in direction of sun. In position C and D of 
moon, away from sun, the difference in force 
compared to earth is away from sun. Force of 
attraction G has two components, its component 
R is reducing the pull of earth on moon acting in 
Opposite direction. Thus distance of moon increases 
from earth. This increase is maximum for positions 
M; and M; and nil for positions M; and M4. Thus 
in Fig 1 (b), when major axis is in direction of 
. Sun, the axis will become longer and its eccentricity 
will increase. | 

In fig 1 (c), the distance perpendicular to 
Major axis in sun's direction will increease, due to 
Which moon orbit will become round. Then 
eccentricity will decrease. Thus correction in man- 
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daphala due to eccentricity will increase for fig (1) 
(b) and decrease in position of figure (c). 

Component T is maximum for position M4 
and increases the speed in middle of krsna pak$a. 
It decreases and becomes zero at M; as the force 
of attraction is totally in direction of EM;, and 
other component is zero. It increases in value from 
Mi to M: and again declines to zero at M3. From 
M; to M; it is against the direction of motion. 

It is in direction of motion between M2, M3 
(decreasing) and again increasing upto M, but 
against the motion. 

(3) Correction by different authorities - 
According to modern astronomy, principal terms 
of moon's motion are 

0-m 

+ (377'19".06 sin m + 12'57".11 sin 2 m. 

. + 36".9 sin 3 m + 2".0 sin 4m) mandaphala 
correction. 

+ 1'16'26" sin [(2 (M--S) - m] - - Evection or 

Tungantara 

+ 3930” sin 2 (M-S) - - variation or pak$ika 

.* 11/10” sin (manda kendra of sun) - - - 
Annual or digarnSa 

The early astronomers of India recognised 
only the mandaphala correction, (equation of 
centre), but instead of its value to be 377’ sin m, 
they took its value 301’ sin m, by including effects 
of evection. By including 76’ part of mandaphala 
with evection we get - - - 


301’ sin m + 76’ [(sin m + sin {(2 (M-S) — m}]+ 
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= 301’ sin m + 152’ sin (M-S). Cos (S-a) 

Here M = mean Moon, S = True sun, @ = 
moon's perigee from which angle m has been 
measured. Thus m — (M-S) = S - (M - m) -sa 
in cos term above. 


: Value of Ist correction to moon was the 
following according to different authors 


Aryabhatiya 300'15" Sin m 

Khanda khàdyaka 296’ sin m 

Uttara khanda khadyaka 301'.7 sin m 

Brahma sphuta siddhànta 29331" sin m 

Greek value 300'15' sin m i 

Siddhànta darpana-300'49".5 sin m 

Sürya siddhànta 302/23".66 sin m ` 

Bhaskara II, 301'46".8 sin m 

(a) Second correction term by MEUM Ves 
AD) . l 
In Laghumānasa, Ist mandaphala correction 
of moon has been given as 


488' sin m 
==—=.5 ~ degrees 


97' + po °° m 


where m is mandakendra measured from 
apogee, Thus maximum value of mandaphala is 
for m = 90°, ; 
pm - 301'50" 
97 egres = 
Second correction has been given by . 


8'8' cos (S-U) (True moon - 11) x 8°8’ sin 
(M-S) 
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where S,M,U are true sun, true moon and 
mandocca of moon. 


For simplicity, daily motion of 790'35" of 
moon is taken as true motion, then this becomes 
8'8 x 8'8 x 2° 11’ cos (S-U) sin (M-S) 

= 144'26' cos (S-U) sin (M-S) - converted to 
minutes, 2nd correction - - - (1) 


Thus Manjula's correction is sum of two 
correction - 


(i) 76' sin (M-U) - part of the mandaphala 

(ii) 144/26" cos (S-U) sin (M-S) - - - evection 
term which was not mentioned by previous 
astronomers. 


Plotemy had given maximum value of 2nd 
correction as 159' but didn't give any formula (150 
A.D.) 


Astronomer Yallaya gives credit of this dis- 
covery of these corrections to Vate$vara (904 AD) 
but this has not been found in Vate$vara siddhanta, 
the available book. 


This appears in exactly the same form in 
karana - kamala-martanda of DaSabala (1058). 
Subsequently it occurs in equivalent forms in 
siddhànta  $ekhara of Sripati (1039 A.D), Tantra 
Sangraha of Nila Kantha (1500 A.D.), uparaga kriya 
krama of Narayana (1563 A.D.) Karanottama of 
Acyuta (1621 AD) and lastly in siddhanta darpana 
of Candra$ekhara (1869). 

Equation (1) of Manjula is correct but cónstant 
is 8', less. 

Sripatis second correction amounts to the 
following correction term. 
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160° cos m sin  (mandaphala) x 
1 — cos (mandaphala) 


Mandakarna - R 
where R = radius 3438’. 


This is same as Manjula’s equation except that 
the constant is now. 8’ more, instead of 8’ less 
earlier. 


(b) Bhaskara II - Bhaskara II wrote a separate 
work called ‘Bijopanaya’ about corrections needed 
in true planets. Stanza 8 of the work starts. with 
statement - 


I have seen maximum difference between 
calculated and observed positions to be + 112’ 


When moon is one quadrant ahead of man- 
docca and sun is half aquadrant ahead of moon, 
observed moon is 112’ behind calculated moon i.e. 
negative error. 

When moon is 3 quadrants ahead of apogee 
and sun at half a quadrant behind her, the 
maximum positive discrpancy of + 112’ is seen 

When eclipses of sun and moon take place 
and moon is at apogee and perigee, there is no 
error or bija. 

When eclipses take place at end of odd 


quadrants from apogee, error is negative equal to 
34' 


and sun is . 
When moon is at the apogee, and -. is 


ahead or behind by haif a quadrant, Dix 
is 34’ 

Same discrepancy is seen, when moon is at 
Perigee and sun half quarter ahead or behind 


His first equation of mandaphala was correct 
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= - 301/46” ‘sin m. | à 
. But after Bijopanaya he gave the equation i 
- 379'46".8 sin m + 34'sin2 (M-S) ; 
where m is manda kendra, M and S are true j 
moon and sun. His new equation totally missed ; 
the evection term, and it became more incorrect at : 
eclipses; though his observations about error were : 
correct. . i 
(c) Correction by Candragekhara -. ; 
His first equation of apsis (mandaphala) is 
(319 30' — 30 cos m) 3438 sin m 
-360° v 
- 300'49",5 sin m + 4'46".5 sin m cos m : 
= -300'49".5 sin m + 222725 sin2m — ; 
Though he has attempted to correct the | 


second order of small quantities, his constant is | 
too small (1/5th of the correct value). 


(2) Tungàntara correction is of the form ‘ 
160 x 3438sin (a - S-90)  3438sin (M- S) - 
€—— ADT —X————————MM———á 


: (where & is apogee of moon) _ TE 
:' Moon's true deaily motion i 
Ear Daily mean motion 4 
= — 160 cos (5-2) sin (D4) 

x Moon's apparent deaily motion 
Daily mean motion 
(3) Pák$ika equation or variation in Daily mean; 
3438’ sin2 (M- S 
—— 38/12” sin 2 ans) 


3 
E 
4 
E 


motion is 
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Here the constant is less by 1/18” from modern 
value. 
(4) DiganSa sanskàra for annual variation is 
1 12 x 3438 


EO—X——— ii 
10 360 SN Sm 


(Sm = manda kendra of sun) 
= + 11/7" sin Sm 
. Modern value of the constant is 11'10". Tycho 
found it to be .4’30”. Horrocks’. (1639)) found it 
11'517. He has indicated in the text that new 
equations were to correct the discrepancies ob- 
served by Bhaskara II, in which he was Ed 
successful. 
(4) Modern charts for caleglating moon's 
position - 
Constants of moon's motion at 1900 AD, 0.0 
day epoch is. - . 
Mean longitude L = 294°.56984 + (1336 r) 
307.8905722 T + 0.00918333 T? + 0.00000188 T? 
Mean anomaly M = 229°.97832 +. (1325 r) 
198*5123".5T +. 44”.31T? + 0".0518T? ` 
Mean longitude of node V = 259°12’35”.11 - 
6962911". 23. T + 7". 48T? + 0.008? l 
For perturbations the constants are given by 
Hansen as- 
Ag = 69.80458 + (1148r) 55.37787761T + 
0°.00881085T? + 0°.0000011374958T? 
Bo = 352.81434 + (2473r) 254°.23441630T 
+ *.000420645 T? + 0°.00000301393 T? 
Co = 204'.85020 + (99r) 359°.051667T + 
0.0001988055T? 
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Do = 190°.45443 + (1048r) 56'.32271091 T +: j 
0*.007903044 T? + 0^.000011374958T? E 
Ep = 354°.45312 + (2373r) 255°.17924960 T= 
+ 0°004405255 T? + 0°.00000301393 T? 1 
Fo = 341°.85083 + (1131r) 172°.20183595 T ` 
+ 0°.00430092 T? + .000003347264 T? 
Components of perturbation effect are - 
A = 4467" Sin Ao = 1.24083' Sin Ao 
B = 0.59583 Sin Bo 
C = 658” Sin Co = 0.18277 Sin Co 
D = 0.55 Sin Do | 
Total effect of perturbation = G = A+B+C+D+E ; 
Perturbation in latitude is 
F - 0.1453 sin Fo 


From the value of these constants equation of- 
centre and latitude is calculated. 


(5) Indian Charts - 


In India also many charts were prepared from : 
time to time. Makaranda sarani was most famous. 
Candra$ekhara has referred to tables of Kochanna 
of Andhra pradesh. Then in south India, specially 
in Kerala, vakya karana are very famous. Original 
Vàkya karana was written for moon--called. 
candravakyani by Vararuci, reputed to be in time. 
of king Vikramaditya at start of Vikrama eera. Then 
Vakya karana was prepared in 13th century. Its 
writer is not known, but Sundararaja commentary: 
is available. These books calculated the days from 
kaliyuga beginning. The moiton was calculated fof 
a convenient lump of days. For remaining number. 
of days, the true position was calculated at about 


DET 
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200--300 positions. These were indicated by (vakya’ 
for each of position to be read in Katapayadi 
notation. This method could give correct position 
upto minute for 24 hour intervals. Madhava of 
sahgamagráma in 1350 AD, prepared 'Sphuta 
candrapti’ to calculate true moon upto seconds of 
arc at 9 periods in a day. His method was to 
calculate position of moon at equal intervals of 24 
hours from its mandocca position. Moon reaches 
from mandocca to mandocca in about 248 days, so 
248 vàkyas are used. 


(6 Making of a calender - 

One of the main aims of astronomy is to find 
suitable measurement of time. A time scale to 
indicate past time since an epoch is a calender. 

Intervals of time which can be measured is 
one type of kàla and its measurement is called 
‘kalana’ Thus ‘calculate’ means to count or to 
measure. In Arab, they were called ‘kalamma’ Work 
of ‘kalana’ is called chronology or calender. 

The flux of time is apparently without 
beginning or end, but it is cut up periodically by 
several natural phenomena- 

(i) by ever recurring alteration of day light 
and night 


(ii) by the recurrance of moon's phases 
(ii) by the recurrance of seasons 


These have been used to define natural 
divisions of time- 


Day - time of alteration of day ‘and night 


Month - Complete cycle of moon's changes 
of phase - 
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New moon to new moon (amanta month) or į 
full moon to full moon (pürnimànta) months. ! 


Year - Coming back of a season again and its . 
smaller subdivision season. 


Standards for day - Day for purpose of regular 
works was counted from sun rise to sunrise in 
India and from sunset to sunset in west asia’ 
(Babylonians and Jews). West Asia was called : 
‘Asura’ area and hence they were called niSacara į 
(moving in night) because their day started from ` 
night time. Sunrise and sunset are convenient to 
see and day light only gives opportunity for doing 
works. 

Sunrise time varies according to position of. 
sun in south or north hemisphere of sun. Variation ^ 
of day length is more in places away from equator, 
being nil at equator. Hence for calculation purposes : 
day was counted from midnight to midnight. 

Even midnight to midnight day varies, be-. 
cause during this time earth makes one rotation : 
arounds its axis with respect to stars and has to 
move further to catch up with movement among ` 
stars. This second component varies with distance . 
of sun which varies in an elliptical orbit. Thus: 
revolution of earth with respect to stars is taken 
as a better standard called sidereal day. An average: 
of solar day (midnight to midnight) is used and 
called mean solar day. 


m jigiin 


1 1 
365 4 mean solar days = 366 " sidereal days 


1 
1 hour = 24 of mean solar day. 
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Rotaton of earth = 23 h 56 m 4.100s mean 
solar time 

Sidereal day = 23h 56m 4.091s mean solar 
time 

Mean solar day - 24 h 3m 56.555s sidereal 
time Slight variation in rotation period of earth 
and sidereal day is due to obliquity of earth, 
rotation being counted in the ecliptic plane. Even 
earth's rotation period is not constant but fluctuates 
regularly and irregularly by amounts of the order 
of 10° seconds. Regular slowing down of rotation 
period is 14 seconds per century due to tidal friction 
caused by difference of attraction force on sea water 
in different parts of earth. It is mainly by moon 
and 1/4th by sun. Irregular variation is due to-force 
exerted by wind movements or unequal rate of 
atmospheric rotation and sea currents, both of 
which are caused by heat of sun. 


Month 


Period from new moon to new moon varies 
from 29.246 to 29.817 days due to eccentricity of 
moon's orbit and other causes like effect of sun. 
Period of mean lunation is given by 


29.5305882-0.0000002 T days 
where T = no of centuries after 1900 AD. 


It may be noted that this is not the period 
of rotation of moon round earth. This is extra one 
round ahead of sun. When moon and sun are 
together, it is amavasya (living. together). Moon 
With its faster motion goes ahead in about 15 days 
by 180° when it is pürnimà (or full moon). After 
29.5 days it is again with sun. This rotation is with 
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speed (moon-sun) and slower than moon’s rotation 
in 27.3 days only. 


Year and seasons - 


1 year is one rotation of sun with respect to 
stars - it is called sidereal year. Seasons change 
according to position of sun with respect to earth 
in north south direction. It is perpendicular to 
equator twice in one year, while coming from south 
to north it is called vernal equinox and in opposite 
direction it is autumnal equinox. Equinox means 
equal day and night (nakta in sanskrta = night) If 
axis of earth is fixed, tropical and solar years will 
be same. But it rotates in reverse direction in a 
conical manner, thus equinox points rotates west 
ward making a rotation in about 25000 years. Due 
to this precession of equinoxes occurs. 

Tropical year = Sidereal year - speed of 
precession per year (crossing time by sun) 

Present values are 

Tropical year == 365.24219879 - 0.614 (t- 
1900)x10" days, where t = Gregorian year 

Thus it is 365.2421955 days = 365d 5h 48 m 
45.7 sec. 

Sideral year is 365.256362 days. 

Only tropical year corresponds to the seasons 

In addition to two equinoxes, we can take the 
points of longest day (in north hemisphere) where 
sun is northern most from equator i.e. summer 
solstice or the southern most position called winter 
solstice. 

As the day is counted from midnight ie. 
lowest position of sun in east west circle, year can 
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be counted from southern most winter solstice 
(which is lowest for northern hemesphere). This is 
like a grand day hence one tropical year is called 
a 'divya dina' (divine day). Since the grand day 
starts with winter solstice from vedic days, the first 
day ‘christmas’ is called 'badà (grand) dina’. 
Actually it is start of grand day. That month called 
margaSirsa has longest nights hence it is called 
Krsna masa (or black month) Thus Krsna has 
compared himself with margsirsa month in gità. 
This has become ‘Christmas’ (Krsna masa). 15 days 
before start of margaSirsa masa will be beginning 
of great usa (Twilight before sun rise), hence it is 
called ‘bada osa’ in local languages (like in Orissa) 


Problems in calender making - 

Civil calender for use in human life has 
following difficulties 

(a) Civil year and the month must have an 
integral numbers of days - perferably equal 


(b) Starting day of the year, and of the month 
should be suitably defined. The dates must 
correspond to seasons. 


(c) For the purpose of continuous dating, an 
era should be used and it should be properly 
defined. 


(d) The civil day, as distinguished from the 


astronomical day, should be defined for use in the 
calender. 


(e) If the lunar months have to be kept, there 


Should be convenient devices for luni solar adjust- 
ments. 
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All the problems have not been solved till 
today. The errors in calculations also had to be 
corrected. Hence new calenders were started in 
different parts of the world by the intervention of 
dictators like Julius Caesar, Pope Gregory XIII or 
a founder of religion like Mohammad, or by 
monarchs like Melik Shah the Seljik or Akber. 


Owing to historical order of development, 
calenders have been used for double purpose. 


(i) of the adjustment of the civic and ad- 
ministrtive life of the nation. 


(ii) of the regulation of the socio religious life 
of the people. 
Divisions of day : 

Present division of day is in 24 hours. Minute: 
divisions of 60 each called minutes and second 
division again by 60 called seconds. Thus 1 mean 
solar day = 60 x 60 = 86,400 seconds. Division of 
time and angle measures by 60 was because of 30° 
days in a month and 12 lunar months in a year 
whose lowest common multiple is 60. A day has. 
365 but approximate multiple of 60 is 360. Hence 
a civil year was taken of 360 days and a circle was. 
divided into 360°. Thus sun will move about 1* 
in 1 day. In India, day was divided into divisions: 
of 60 at each step as degree is divided. Thus 1': 
movement is in 1 day, 1' movement in 1 danda, 
1" movement in 1 pala and so on. 


Time was measured by length and direction 
of shadow of a pillar called gnomon. For equal 
time intervals, specially during night time, water - 
dock etc were used. Improvements were done. 
through pendulum clocks by Galileo, spring clocks. 
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using balance wheel. Most occurate are quartz 
clocks for normal use and ammonia clocks for 
scientific use. 


For practical watches of duty or shifts of work, 
a day was divided into 6 parts (3 parts in day time 
and 3 in night). After each imferval a bell was 
rung. In India there were 8 shifts in a day, hence 
the shift of 3 hours is called a 'prahara' i.e. when 
a bell is hit (prahára). A watchman remains on 
continuous duty for a prahara, hence he is called 
prahari. 


3 
68 day - 1 ghati is called so because water 


clock measured the time of its filling. Since it was 
shaped like a pitcher it is called 'ghati' (i.e. water 
pot) Hence watches are called 'ghadi' in India. 
When water clock in turned a second time it is 2 
ghati = 1 muhürtta (repeated turning of water 
clock). 

Watches observed in churches were 


(1) Martins - last watch of night. Monk got 
up 2 hours before sunrise 


(2) Prima - at sunrise 


(3) Tetra - Half way between sunrise and noon 
- time of saying mass. 


(4) Sext - at noon (hence the word siesta 
- midday rest) 


(5) Nona - Mid afternoon - Hence the word 
noon, 


(6) Vespers - An hour before ‘sunset 
(7) Compline - at sunset 
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In India mid day is 2 praharas after sunrise 
(i.e. 6 hours after) hence it is still called 'two 
pahars’. 


Day was divided into 12 parts in Babylone of 
30 gesh (4 minutes each). In each part approximate- 
ly 1 sign of zodiac will rise, it is like 12 divisions 
of year. In India rāśi was divided into two parts 
(like day-night divisoin of day) called ‘Hora’ (short 
of ‘ahoratra’ i.e. day and night) Thus there are 24 
horas is a day night or 12 in day and 12 in night. 
This ‘hora’ has become hour. This was also used 
in Egypt and continues till today. 


Counting of days in a month : 


The ancient Iranian calender gave 30 names 
for each of the days of a month. It was not very 
popular as the list is long and difficult to remember. 
Hence a week of seven days was popular through 
out the world. Origin of week days has been 
explained by Varahamihira. Each hora (24 in a day 
is ruled by a planet. Planets are arranged in order 
of decreasing orbit or increasing speeds of rotation 
- Sani, guru, Mangala, sürya (or earth), $ukra, 
budha and Candra. In first hora of the day, lord 
of the day will rule. For example, Sani will rule 
Ist hora on $anivara. On next day ruler will be 
25th planet in the order given above. Deducting 3 
cycles of 7 planets, 4th planet sürya will be ruler 
of next day i.e. Ist hora on that day. So it is called 
ravivara or sunday. Next day will be 4th from 
sürya i.e. candra or moon called somavàra or 
monday. 


` Rulers of days are fixed for astrological 
purpose, hence it has astrological origin in India 
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and west. Ancient Egyptions had a ten days week 
(period in which sun covers 10° or 1/3rd of a rà$i 
called Dreskana in astrology) Babylonians started 
a month with new moon and marked the Ist, 8th, 
15th and 22nd days of the lunar month for religious 
festivals. This was a sort of weak of 7 days with 
one holiday. In Iranian calender in which 30 days 
had different names 8th, 15th and 23rd were called 
Diniparvana for religious practices. But last week 
in this system was of 9 or 10 days. In veda, sadaha 
has been mentioned, but this doesn't seem to 
indicate a six days week. It seems to be six extra 
days after 360 in a leap year called 'Gavam Ayana' 
every four years. The Jews reckon the days from 
saturday and indicate them by numbers i.e. Ist, 
2nd - - - 7th day. 


Seven days week was introduced to christian 
world by edict of Roman emperor Constantine in 
323 AD, who changed the Sabath day (saturday 
for Jewish) to the Lord's day, sunday. In India it 
has been first mentioned in Atharva Jyotisa and 
by Aryabhata. English names of week day have 
originated from Teutonic deities which are countei 
parts of Roman planetary deities. 


Indian Childean Teutonic Roman 
names names daities daities 
Ravi Shamesh Sun Sun 
Soma Sin Moon Moon 
Mangala Nergal Tiu Mars 
Budha Nabu Woden Mercury 
Guru Marduk Thor Jupiter 
Sukra Ishtan Freya Venus 


Sani Ninib Saturn Satum : 
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It is note worthy that functions attributed to 
planets by Chaldeans are same as in Indian 
Astrology. 

Ahargana or heap of days - 

Count of days is used all over the world from 
a standard epoch to calculate the mean posotion 
of any planet. 

Mean position at required time 

= Mean position at initial epoch + daily motion 
x ahargana 

To make a uniform standard, a French scholar, 
Joseph Scaliger introduced in 1582, a system known 
as ‘Julian days’ after his father Julius Scaliger. The 
Julian Period is 

7980 years = 19 X 28 X 15 

19 is length in years of the Metonic cycle 

15 is length in years of the cycle of inclication 

28 is length in years of the solar cycle 

It was found by calculation that, these three 
cycles started together on Jan 1, 4713 B.C. Julian 
period and days are counted from that day and 
the day is completed at noon time. This is the 
standard for astronomical calculations now. 

. Julian days for some important epochs is given 
below 
Date Julian day 

Kaliyuga 17-2-3102 BC — 5,88,465 

Nabonassar 26-2-747 BC 14,48,638 

Philippi 12-11-324 B.C — 16,03,398 

Saka Era — 15-378 AD —— 17,49,621 

Diocletian — 29-8-284 AD = 18,25,030 
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Hejira 16-7-622 AD 19,48,440 

Jezdegerd 

(Persian) 16-6632 AD _19,52,063 

Burmese era 21-3438 AD _19,54,167 

Newar Era 20-10-879 AD 20,42,405 

Jalali Era (Iran) 15-3-1079 AD 21,15,236 

In India, siddhànta jyoti$a uses ahargana from 
creation after which 6 manus of 71 yuga each have 
passed, in current 7th manu 27 yuga have passed. 
In 28th yuga, Satyuga, Treta and divapara have 
passed. Preserit kali yuga started on 17-2-3102 B.C. 
Ujjain midnight. In this kali yuga is 4,32,000 years. 
Dvapara, Tretà, Satya yuga are 2, 3, 4 times. A 
yuga is 10 times kali - 43,20,000 years. Before each 
manu there is a sandhya of a satyayuga. Thus 
years from creation till beginning of kali yuga are 
1, 97, 29, 44, 000 years. To find the ahargana for 
calculation, we deduct the years spent in creation 
- 47,400 divya years x 360 solar years. After this 
period all planets started from zero position which 
is called epoch. Ahargana at beginning of kaliyuga 
is 

714, 402, 296, 628 


Tantra granthas count the ahargana from kali 
era. Each karana book has used its own epoch. In 
present calculations Jan 1,1900 is important epoch. 
For this day Julian days are 2,415,021 and kali’ 
ahargana are 1, 826,556. 


C) Solar calenders in History - 

(a) Egyptian calender - This has 12 months 
of 30 days each, starting from Thoth on 29th 
August as per Julian calender. This was old 
religious calender, hence extra 5 days were attached 
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in the end which not part of any month. Sincej 
the year was short by 1/4 days from 365-1/4 days, 
the heliacal rising of Sirius star would re-appear: 
at the beginning of year after 1460 years. This was. 
called Sothic cycle as Sothis (Isis) was the goddess 
of sirius. In 22 B.C. the year started on 29th August 
the Pharoahs (kings) of Egypt tried to introduce ; 
leap year, but this never became popular. Ptolemy ! 
in 238 introduced a leap year, but old calender ; 
also continued side by side. Egyptians did not use | 
any continuous era, but counted the number of! ; 
years of each reign separately. For astronomical ; 
purposes, Nabonassar Era was used in Babylone. ; 

This was used as a reference by all countries for : 
sumplicity i 

(b) The Iranian calendar - Around 520 B.C. : 
Darius introduced a solar calender like Egyptian | 
with 365 days each. It had 12 months of 30 days : 
each and each day had a specific name. The names: 
are similar to vedic names. 5 days extra were 
attached in the end. Adjustment of 1/4 extra day ` 
each year was done by adding a month of 30 days 
in a cycle of 120 years. 

From 16-3-1079 A.D, Seljuc sultan Jelaluddin ` 
Malik Shah introduced a new calender Tarikh-e- 
Jalali, starting from 10th Ramadan of Hejira 471. ` 
It was 365 days year with 8 intercalary days in 33 
years. The year started from vernal equinox day: 
or next day. Its lenght was 365.242 42 days. 

Riza Shah Pahlavi introduced a strictly solar ` 
year and restored the old Persian names of month; 
in use before Darius. The year started from 21 or 
22 march. First 6 months were of 31 days each. 
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Last month was of 29 days or 30 days in a leap 
year. 

Roman calendar (Christian Calendar) - The so 
called Christian calendar had nothing to do with 
christianity. It was originally the calender of semi 
savage tribes of Northern Eürope, who started their 
year some time before the beginning of spring 
(March 1 to 25) and had only 10 months of 304 
days, ending about the time of winter solstice 
(December 25). The remaining 61 days formed a 
period of hybernation when no work could be done 
due to on set of winter, and were not counted at 
all. 


This calender was adopted by city state of 
Rome and some modifications were made. Second 
Roman king of legendary period Numa Pompilius 
added two months (51 days) to the year in about 
673 B.C. making a total of 355 days. January 
(named after god Janus who faced both ways) and 
February were added in beginning and March 
became the 3rd month now. Number of days 
became now  29,28,31,29,31,29,31,29,29,31,29,29. 
Adjustment of the year to the proper season was 
done by intercalation of a thirteen month of 22 or 
23 days (called Mercedonius) after two or three 
years between February and March, the extra 
month was actually 27 or 28 days but, the last 5 
days of February due to be repeated after extra 
month, were not repeated. The correction at 
alternate year could have given 45 (22423) days in 
4 years or 11-1/4 days on average. Thus it made 
a year only one day longer than 365-1/4 days. But 
this was irregular and caused a lot of discrepancy 
from the seasons. 
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Julius caesar, on his conquest of Egypt in 44 
B.C. was advised by Egyptism astronmer Sosigenes 
that mean length of year should be 365-1/4 | 
days.Normal length should be 365 days and one 
extra day should be added every fourth year. Then 
the fifth month from March, Quintilis was changed | 
to July (Julius) in 44 B. C. in honour of Julius Caeser | 1 
and length of months were fixed at their present : 
duration. Extra leap year was obtained by repeating -i 
the sixth day before kalends (first day) of March. ; 
In 8 B.C., sixth month after March, Sextilis .was 
changed to August in honour of Augustus, 
successor to Caesar. To correct the seasons, 90 days 
were added to 46 B.C. 23 days after February and 
67 days between November and December. This. 
year of 445 days was known as year of confusion. 

' Caesar wanted to start the new year on 25th: 
December, the winter solstice. day. But people. 
resisted, because new moon was due on January 
1,45 B.C. Caesar had to accept the traditional 
landmark of the year. 


Weekdays of 7 days week were introduced : 
sometimes in Ist century AD on pattern of chaldean 
astronomers. Days of crucification of christ and his 
ascending to heaven was fixed arbitrarily on Friday 
and Sunday later on. New Testament only says 
that he was crucified on a day before Passover 
festival of Hebrews which was on full moon day 
of the month of Nissan. 


The present christian era started at about 530 
AD. When era beginning was fixed from the birth _ 
year of christ, birth day of christ was fixed oh 
December 25, which was winter solstice day and - 
ceremonial birth day of Persian god Mithra in Ist 
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century B.C. However, a Roman inscription at 
Ankara shows that king Herod of Bible who had 
ordered massacre of children after birth of christ, 
was dead for 4 years at 1 AD. Therefore, christ 
must have been born before 4 B.C. 


The Julian year of 365.25 days was longer 
than the ‘true year of 365.2422 days by 0.00788 
days, so the winter solstice day which fell on 21 
December in 323 AD, fell back by 10 days in 1582 
AD. In 1572, Pope called a meeting to discuss the 
correction. In 1582 Pope Gregory XIII, published a 
bill instituting a revised calender. Friday, October 
5 of that year was to be counted as Friday, October 
15. The century years which were not divisible by 
4 were not to count as leap years. Thus the number 
of leap years in 400 years was reduced from 100 
to 97. length of years was 365.2425 days, the error 
being only one day in 3300 years. This was adopted 
immediately by the catholic states of Europe. But 
Britain adopted it in 1752, China in 1912, Russia 
in 1918, Greece in 1924 and Turkey in 1927. Revised 
rules for easter have not been adopted by the 
Greek Orthodox church. 


World calender : To remove the working 
defects of Gregorian calender, a world calender 
was propsoed to UNO in Geneva meetign of 
ECOSOC in 1954. In this calender week days of 
every year are same. One extra week day in 365 
days is kept after 30th December called W or world 
holiday. In leap year another world day was to be 
mtroduced after 30th June. Every year was same 
for counting of week days. Each quarters of 3 
months was of 91 days, 13 weeks. First month of 
fach quarter was 31 days and remaining of 30 
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days. So each quarter has same form of calender, 
Each year (each quarter also) begins on sunday, 


Each month has 26 working days, plus sundays, ; 


(8) Luni Solar Calenders - 

We need very accurate measurements and 
complicated procedure to tally lunar and solari 
calenders. Mean lunar synodic month - 29.530588 
days 

= 293 12h 44 m 2s.” 

with a variation of * 7 hours 

Mean sidereal period of moon - 27.321661; 
days 

- 27d 7 h 43m 11.5s. 


; 1 
with a variation of + 3 hours. 


12 lunations (synodic) amount to 354.36706 
days while tropical solar year is 365.24220 days. 
Length of lunar year is shorter by 10.87514 days, 
and there are 12.36827 lunar months in a solar 
year. Tropical solar year is varying very slowly and 
is becomig shorter by 8.6 seconds -- .0001 days 
in 1600 years. Thus at kali beginning or in Sumerian 
times it was 365.2422 days. 


All ancient nations had almost accurate 
knowledge of the mean synodic month. However, 
no rules could be fixed for tallying the lunar year 
with solar year. Hammurabi (1800 B.C.), law giver 
king of Babylonia, has a record saying that the 
thirteenth (extra) month was proclaimed by royal 
order throughout the empire on advice of priests. 
Practically the start of first month was adjusted 
with ripening of wheat. 
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Later Babylonians, called Chaldeans around 
600 B.C. fixed some empirical relations in lunar 
and solar years for correction of calender in form 

m lunar months = n solar years. 

where m and n are integers 

Some convenient periods were 

Octaeteris - 8 tropical years - 2921.94 days 

99 lunar months = 2923.53 days. 

This gave 3 intercalary months in 8 years with 
error of only 1.59 days. 

In about 500 BC (383 B.C. according to father 
Kugler) 19 year or Saros cycle was used with 7 
intercalary months 

19 solar years - 6939.60 days 

235 lunar months 6939.69 days 


This gives a discrepancy of 0.09 days in 19 
years or of 1 day in 209 years. 


Their 19 years cycle was of 6940 days with 
leap years on Ist, 4th, 7th, 9th, 12th and 15th year 
in the first month and in 18th year at 7th month. 


First month started with 30 days, then other 
months were atternately 29 and 30 days. Thus a 
normal year was of 354 days, but in 5 years of 19 
year era one extra day was added to last month, 
making the year of 355 days. After adding 
intercalary year, the year was of 354, 355, 383 or 
384 days duration. Effect of this arrangement was 
that the first month Nisannu start was never more 
than 30 days away from vernal equinox. The 
Chaldeans used gnomon for ascertaining time of 2 
*quinoxes and 2 solstices which divide a solar year 
nto 4 almost equal seasons. 
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Eras of Western world - Dated records of | 
kings in Babylon beings from about 1700 B.C. : 
(Kassite kings). In Egypt also regnal years were f 
used. But in Babylon, months and dates were of i 
lunar month is while they were solar in Egypt. ? 

Hipparchus (140 BC) and Ptolemy (150 AD)? 
of Greece used the records of systematic observa- 
tions of Babylone from 747 B.C. since the time of ' 
one king Nabu Nazir. Though they counted the ; 
astronomical era from 26 Feb. 747 B.C. in that j 
reign, they adopted Egyptian solar years of 365 ; 
days each for ease in calculation of dates. 

Macedonian Greek had their own months, but 
after they settled in Babylon in 313 B.C, they | 
adopted their months to Chaldean months, Ist; 
month Dios starting with 7th month of Chaldeans | i 
at autumnal equinox. 

„Seleucus, a general of Alexander, a] 
Macedonian Greek founded a big empire in west 
Asia and started his own era Seleucidean era. Jn. 
official or Maccdonian reckoning it started from the; 
lunar month of Dios near autumnal equinox s 
(341 AD) or 312 B.C, with greak month names. 
In Babylonian reckoning, the months had Chaldean; i 
names starting from Nisan near vernal equniox.; 
Parthian era was started in 248 B.C. when Persia a 
again became independent empire. 4 

Ancient Jewish calender was lunar and theiz; 
month names are derived from Chaldean names) 
or vice versa. The day began in evening andi 
probably at sunset. Extra month was added whetti 
necessary by making two months of the last monthi 
Adar - original was named veadar followed by, 


T en. 
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Adar. Year beginning was changed from Nisan 
month to Tisri corresponding to Mecedonian month 
of Dios. Around 4th century A.D. rules were 
formed for intercalation. In a cycle of 19 years 
3,6,8,11,14,17 and 19th years had extra month. Start 
of first months was adjusted, so that week days 
of important festivals do not change. Thus a 
common year could have 353, 354 or 355 days and 
a leap year of 383,384 or 385 days. 10 of the middle 
months had got fixed duration of 29 or 30 days. 
Extra month was of 30 days. The other two (Ist 
and 12th months) varied according to length of the 
year. Jewish era is called Anno Mundi or libriath 
olum or Era of Creation or Freedom. 


According to mnemonic Beharad, this era’ is 
supposed to begin at the beginning of lunar cycle 
on the night between Sunday and Monday, Oct 
7, 3761 B.C., at 11 hours 11-1/3 minutes PM. (Be 
= Beth ie. 2nd day of week), ha (he = five, i.e. 
fifth hour after sunset) and Rad (Resh) delet i.e. 
204 minims after the hour, 18 minim = 1 minute) 


In Bible, eras have been mentioned from 
flood, exodus, the earthquake in the days of king 
Uzziah, the regnal years of monarchs and 
Babylonian exile. After exile, they counted years 
from Persian kings, and then from Seleucid era. 
Days have also been counted from fall of the second 
temple. 


312 - Seleucidean era = Christian era B.C. (Jan 
to Sept) 


Saleucidean era - 311 = Christian era AD (Jan 
to Sept) 


Year 1 after destruction of second temple 
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Islamic Calendar - 


This is purely lunar calender now and has no ` 
connection with solar year. The year consists of 12 | 
lunar months; beginning of each month is deter- : 
mined by Ist observation of crescent moon in the 
evening sky. The months have 29 or 30 days and . 
the year 354 or 355 days. The new year day of 
Islamic calendar loses about 1 month in 3 years, | 
and completes the retrograde cycle of seasons in 


1 
32 2 solar years. . 


Hejira (A.H.) was introduced by caliph Umar 
about 638-639 AD, stating from evening of 622 AD, 
July 15, Thursday (Since sunset Friday started in 
Islamic calender). Then crescent moon of the Ist 
month Muharram was first visible. This was the 
new year day preceding the emigration of Muham- 
mad from Mecca (about Sept 20, 622 AD.). The 
months are alternately of 30 and 29 days from Ist 
month. Last month is 29 days in normal year and 
30 days in a leap year. If Hejira year is divided 
by 30 and remainder is 2,5,7,10,13,16,18,21,24,26 
or 29 then it is a leap year. Thus 11 leap years in 
30 years, gives the cycle of 10,631 days which is 
0.012 days less than the true value. 


Dr. Hashim Amir Ali of Osmania University 
has showed that the mohamadan calender was 
originally luni-solar. Upto the last year of the life 
of Mohamad; ie. upto AH 10 or 632 AD, a 
thirteenth month was intercalated when necessary. 
The family of astronomers, known as Qalamas 
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decided at hajj in last month, whether 13th month 
will be added or not. This should have been 3 
times in 8 years or 7 times in 19 years, but use 
of discretion by eldest Qalama created confusion 
afterwards. Thus AH 11, a normal year started on 
29th March 632 AD. after vernal equinox. Thus all 
the previous years with intercalation, started after 
sighting new moon after vernal equinox. Thus the 
initial epoch of Hejira era was at the evening of 
March 19,622 AD, Friday, the day following the 
vernal equinox. 


Names of Lunar Months 


Chaldwan Mecedonian i Islamic 

Addaru Xanthicos — 

Nisannu (30) | Artemesios i Muharram 

Airu (29) |Daisios Safar 

Sivannu (30) |Panemos i Rabi-ul-awwal 
Duzu (29) |Loios Rabi-uls-sani 
Abu |. (30) |Gorpiaios Jamada alawwal 


Ululu (29) |Hyperberetrios Jamada as sani 
.|Tasritu (30) |Dios : isri Rajab 
Arah/Samnah(29) | Appelaios Shaban 
Kisilibu (30) | Audinaios isi Ramadan 
Dhabitu (29) | Peritios Shawal 
. |Shabat (30) |Dystros zil kada 
Addaru (29) |Xanthicos Zil hijja 


(9) Old Indian Calendars : 


. A. Vedic Calender - Vedic calender was luni 
solar. Year was named in three manners - Solar 
year, civil year and lunar year (normal and 
intercalary). 


Sama = Fixed year or constant. It is opposite 
to ‘masa’ i.e. formal of 12 masa of 30 days each. 
Thus it means a year of 360 civil days or 365 solar 
days (i.e. 365-1/4 days) 
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Lunar years are called vatsara - which are of 
5 types— Samvatsara, anuvatsara, Parivatsara, Id- 
vatsara and Idàvatsara. Anuvatsara is also called 
Iduvatsara. When these indicate a sequence of 5 
solar years of 366 days each, vatsara is a sixth year 
of 360 civil days or sama (as per yajus jyotisa). 

Names of thirteen months in Taittirilya 
Brahmana (3-10-1) are Aruna, Aruna rajas, 
Pundarika, Visvajita, Abhijit, Ardra, Pinvamàna, 
Annavan, Rasavan, Irávàn, Sarvan sadha, Sambhar 
and Mahasvàn, Mahasvan appears to bé increased 
month (with extra days in a solar year). 

6 seasons of two solar months each are as 
follows - 


1. Vasanta - Madhu and Madhava 
. Grisma - Sukra and Suci 
. Varsa - Nabhas and Nabhasya 
arad - Isa and ürja 
Hemanta - Sahas and Sahasya 

6. Sigira - Tapas and Tapasya 

Taittiriya Brahmana has given a list of 24 half 
months (1 fortnight), names of day times and night 
times in $ukla and krsna pakSas - 60 names, names 
of 15 muhürtas in $ukla pak$a day and night, 
Krsna pakéa day and night - 60 names and 15 
parts of each muhürta / called prati muhürta). 

Name of lunar months were named after the 
nakéatras entered by moon on _ purnima day. 
Rk veda (1-15-1) tells that Indra drinks soma juice 
with seasonal adityas on full moon day. Thus Indra 
is always at a point 180° away from sun. 


co 9M 
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Aditya corresponding to different seasons 

are 

(1) Mitra - $i$ira (2) Aryaman - vasanta (3) 
Bhaga - grisma (4) Varuna - Varsa (5) Dakśa or 
Dhata - Sarad (6) AmSa - Hemanta ` 

Rk veda verse 10-72-4 by SunahSepa gives 
method of deciding about inclusion of intercalary 
month - 


Dakáa was born of Aditi and Aditi was DakSa’s 
child. The whole ecliptic was Aditi and its division 
were adityas - 6 for each season, 12 for each month 
or 13th for extra month. First point of Daksa 
division was the start of ecliptic zero degree. Year 
started with rise of this point on eastern horizon 
with sun. When the next rise was not before 13th 
full moon, 13th month was extra month otherwise 
it was month of next year. In Santipatha also it is 
stated -- 

afatan sifefast Pray, 


In Vajasaneyi samhita, two adhika māsa are 
named. Sansarpa is extra month before winter 
solstice. Another is malimluca, K$ayamasa (lost 
month) was called Amhaspati. (Yajur-VS, 22-30) 

In a solar year of 365-1/4 days, 5 or occasional- 
ly six days are extra after civil year of 360 days. 
These have been called atiratra (i.e. extra days after 
grand night). Taittiriya Samhita (7--1-10) says that 
4 atiratra make the year incomplete, while 6 atiratra 
give excess, so five are the best. 


Aitareya Brahmana has defined Tithi as the 
time during which Moon sets and rises again 
(32-10). Thus like civil day from sunrise to sunrise, 
tithi is a moon day from moon rise to moon rise. 
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In $ukla pakśa tithi was from moon set to 
moon set, and in other it was moon rise to moon 
rise. 


Atharva Vedànga jyotisa has defined two 
karana in each tithi - one from moon rise to moon 
set and second from moon set to moon rise. These 
tithi and karana were of unequal length. Later on 
they were made of equal length defined on basis 
of moon phase. 

B. Vedanga Jyotisa (Rk veda) : This is 
described in only 36 verses in anustupa chanda 
including introduction and importance. This is one 
of the six parts of Rk veda. Though it is shortest, 
it gives a most comprehensive, luni solar calendar 
so far. It was written by 'Lagagha' whose place 
was 35' N latitude, nothern border of Kashmira, 
may be the present town of Alma-Ata of Kyrghiz. 
This place might have been first place of learning, 
hence first school is called alma-meter. 


Efforts to explain its meaning on basis of 5 
years cycle (yuga) were unsuccessful, by various 
anthors as B.G. Tilak, S. B. Dikéita and T.S.K. 
Shastri, R. Shamshastri etc. 'Pafica samvatsara 
mayam yugam' was interprated that a yuga has 5 
years (meaning of samvatsara). But samvatsara is 
one of the 5 types of lunar years and its meaning 
should be - A yuga has 5 years of samvatsara type, 
remaining years of other 4 types. If calculations 
are made on that basis, a yuga has 19 years, with 
5 types of vatsaras, out of which 5 are sanvatsaras. 
This also gives meaning of other types of years. 
This gives correspondance of solar and lunar years 
in terms of tithis, days and nakáatras also. 
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Time cycle : There are 360 tithis in a lunar 
year. Solar year is bigger by 10.89 days. With 
reasonable accuracy, 7 intercalary months 
(adhikamasa) occur in a cycle of 19 years. Thus 


228 solar months = 235 lunar months Addi- 
` tional 7 months form 7 x 30 = 210 tithis. Thus 


210 T 
there is difference of PE luo tithis (10.89 days) 
between a solar and a lunar year. Thus a solar 
year consists of 371 5 tithis. If we assume a leap 


year in a cycle, we have 18 years with 371 tithis 
and one year (i.e leap year) with 372 tithis. This 
cycle of 19 years is called a yuga. 


Calculation of Rtu $esa - A year has 12 months 
(lunar) each having two parts $ukla pakSa (called, ` 
$udi - i.e. SukSma diwas - or $uddha diwas) and 
Krsna pakśa (Badi i.e. bahula diwas, extra days). 
Thus 24 pakSa of a year have difference of 11 tithis 


. : .. lil 
from solar year. Difference in each pakSa is 24 


1 
0.458 - 2 tithi approximately 
Thus a lunar pak$a = 15 tithis 


Solar pak$a = 15 ; tithis 

For calculating extra tithis for each half of 
solar year, we have to add 11/2 tithis = 11 karanas. 
Thus we have to substract 1 karana after half year 
from 12 karanas got after taking 1 karana for each 
paksa approximately. One tithi is taken extra in a 
completed yuga of 19 years. When cumulative total 
Of extra karana after a semester is more than 60 
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karanas = 30 tithi = 1 month, one extra month is 
added in that semester. 


Classification of years : If one karana is not 
dropped in each semester, then RtuSesa will be 12 
tithis per year or 6 tithis per ayana (semester). 
Thus start of ayanas will be after 6 tithis each and 
after 5 ayanas (2-1/2 years) the cycle will be 
complete and one extra month will be added so 
that the month starts again with Magha $ukla 1 
(Ist year of month). -Thus years were classified 
according to range of tithis on which Ist day of 
year fell - 

Samvatsara - Sukla 1 to 6th 

Anuvatsara - Sukla 7th to 12th 

Parivatsara - Sakla 13th to 18th (or badi 3rd) 

Idvatsara - Badi 4th' to 9th 

Ida vatsara - Badi 10th to 15th 


When we decide adhikamàsa for each lump 
of 60 karana Rtu$esa, 5 years in 19 years yuga are 
of samvatsara type.'3 years are Idavatsara, lagging 
behind most, hence the adhikamáàsa occurs in Ist 
semester of those years (6th, 9th and 17th). which 
can be seen by calculation. Four years are of 
Idvatsara type lagging 18-24 tithis, hence the adhika 
māsa is added in 2nd semester of (3rd, 1ith, 14th 
and 19th years) 


NakSatra calculation for sidereal lunar year - 
In a lunar month, moon completes its circular 
journey of 27 nakéatras and travels about 2 
nakSatras more. To be more accurate, it completes 
:13 revolutions in 12 lunar months. Thus in 19 solar 
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years, there are 254 sidereal months and in 19 
lunar year 19X13 - 247 sidereal months of moon. 


Thus difference in 2 cycles is 7 sidereal months 
= 7 x 27 = 189 nakáatras. Thus we have 10 nakáatras 
per year for 18 years and 9 extra naksatra in one 
year . i 


1 solar year = 361 naksatra 
Leap year = 360 nakśatras 
1 lunar year == 351 nakéatras ( = 13 x 27) 


Solar semester - lunar semester - 25 


2 
nakSatras. 

Rtu$es in terms of nakáatras is calculated by 
assuming a total of 190 nakSatra for 38 semester 


; ds 1 
ie. 5 for each. To be more accurate it is 5- 58 


nakéatra. Thus calculation is to be started from 
Sravistha (Sravana + 38 parts of 1/38th i.e. complete 
dhanisthà). Complete nakSatra divisions will be 
counted from Sravana at interval of 5 nakáéatras 
each for every ayana (semester) Thus list of 
nakSatras is given at intervals of 5 nakSatras 
indicating only one letter from each nakSatra. This 
verse was deciphered brilliantly by Sri S.B. Diksita. 


According to moon nakéatra at start of year 
also years can be classified. Thus samvatsara can 
start from $ravana upto 5.4 naksatra (A$vini) - 2.7 
difference for each semester. Anuvatsara is A$vini 
(5.4) to Ardra (10.8) - countings done from $ravana. 
Parivatsara can start up to 16.2 (uttaraphalguni) 
Idvatsara upto (21.6) anuradha and Idavatsara in 
remaining nakéatras. pde 

C. Vi$vámitra's astronomy - also indicates a 
19 year yuga. His hymn in Rk veda III - 9-9 reads 
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A rar A agaa, 4 
frs a ar aa wr ada 1 
i.e. 3339 devas (dyues or parts of ecliptic =| 
aditi) worshipped agni (sun or krttika nakSatra) by 1 
rotations in the sky. i 
This is based on calculation of solar nakéatras ! 
for each parva (or paksa). First solar year of 2 
tithis is the basic year in which sun crosses the 27 : 
nakéatras. Thus 1 solar nakéatra = 372/27 = 124/9: 
tithis. To avoid fractions, angular distance travelled ; ! 
by sun in a tithi is divided into 9 parts caled: | 
"Bha-am$as' or bhàná$a. (Bh") 
1 Tithi - 9 Bh* of sun 
1 NakSatra = 124 Bh* 
_ 13 20' 
= 124 
1 parva = 15 tithi = 135 Bh" = 1 Nakáatra +. 
11 Bh' 
In 1 Ayana - 12 parva 
12 (NakSatra + 11 Bh^) = 12 Nakéatra + 132: 


ta E CREE e t 1^ 


1 Bh’ = 6'27”.1 approx 


sence al ar ra Pie ewe FES, 


Bh’ 
= 13 NakSatra + 8 Bh" : 
Thus 8 Bh’ arise in one parva (in addition to 2 

completed nakéatras). ož 


In 371 tithis of a solar year there are 371x9 i 
Bh' = 3339 BhanSas, which are indicated by : 
Visvamitra. ‘ 

Saros cycle of Chaldea was of 18 years and: 
10.5 days after which eclipses are repeated. 


3339 tithis = 111 synodic months + 9 tithis. . 
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This is half of Saros cycle of 223 synodic 
months 


2 

= i gi = = 1080| = 1080 
3 3 

sideral years are a yuga' (1/3 of VisVamitra’s 


mahayuga). This is the period of precession of 
equinoxes for 1 parva (15 tithi or 15° movement 
of sun in 15 x 72 = 1080 years). 

A day is divided into 603 kalas = 30 muhürta. 
Moon crosses 1 nak$atra in 610 Kalas. 

D. Yajus Jyotisa : This is part of Yajurveda 
whose commentary by Somakara was available. It 
has 44 verses out of which 30 are common with 
Rk jyotisa Due to that reason, scholars have tried 
to combine these two into one text of 50 verses 
and interprate both on basis of 5 years yuga. 
However, Rk has 19 years yuga and yajus has 5 
years yuga. This has been pes in verse 31 of 

this text - 


(In a yuga) there are 61 sávana months, 62 
lunations and 67 sidereal months i.e.. nakSatra 
māsas; 30 days make one sávana month and 30-1/2 
days make one solar month. This along with verse 
4 tells that we have one adhika māsa after every 
2-1/2 years - clearly ‘specify a 5 year yuga. This is 
the different meaning of this text. 


Adjustment of luni-solar years in this system 
can be done on basis of two statements in 
Contemporary texts. Mahabharata, $ànti parva ch 
301 tells. 

aai MAU a MMA Fe TAT. 

(By way of leap) drop years as well as months. 
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Order of leap years is indicated by dones 
Brahmana (part of yajurveda) (3-10-4) which gives 
list of years. 


(1) Samvatsara (2) Parivatsara (3) Iduvatsara , 
which is same as anuvatsara according to Madhava." 
(4) Idvatsara (5) Idavatsara and (6) Vatsara : 


This extra sixth vatsara is a sama or savana^ 
year of 12 savana months (30 days each according . 
to verse 31) and comes after each yuga of 5 years! 
in a yuga in the above order. Thus each of the: 
five years is of 366 days and sixth year of 360 days , 
balance the extra days counted in the yuga. The | 
year after sama or vatsara may not be samvatsara, 
it will be decided according to tithi or nakéatra at? 
beginning of year as defined in Rk jyotisa. Thus] 
the ommitted years can be thought as dropped | 
years or kSaya years. Thus in a cycle of 5 yugas ! 
of 25 years we drop six years including 3 leap | 
years whose adhikamasa also gets dropped in the | 
process. Thus we get 19 year yuga as before. But ; 
we get a simpler 5 year yuga. 


There is a difference of 4 hours 23 minutes ' 
between vedanga cycle of 19 years and 19 solar : 
sideral years. It we'add 8 years at the end of eight Í 
19 years yugas, we get 160 years. The difference ' 
at that end reduces to 23 minutes only. 

Time period - RVJ verse 5 tells that year. 
started on full moon day in Magha in winter season. 
when sun was in vásava nakshatra (Ist year of: 
yuga) 

YVJ verse 6 tells that sun in beginning of 
Sravistha indicated beginning of Magha and sun 
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in mid point of a$lesa started beginning of south 
solstice. 


Assuming 1° precession in 72 years, this 
indicates Rk jyotisa in 2976 BC and yajus jyotisa 
in 2352 BC. However verse 3 of RV] indicates that 
the theory was coming since long when these 
verses were composed. 


E. Gavàm Ayana has been mentioned in 
Tattiriya samhità, Satapath brahmana, Gopatha 
brahmana and Baudhayana Srauta sūtra. It indicates 
a 4 year yuga with 1 leap year according to Prof. 
R. Shama Sastri (1908 - gavam ayana) Accumulation 
of 1/4th day of each of previous 3 years combined 
with 4th year to make one extra day like the Julian 
calender. Thus this is a cow with 4 legs or 3 parents 
of sun. Four years of this yuga were called kali, 
dwapara, tretà and krta yuga. These are also called 
Ist, 2nd, 3rd and complete (krta). Krta is also called 
Satya or Rta i.e. which really came (as a full day) 
If year or yuga starts in evening, Ist year (kali) 
will end at midnight after 365-1/4 days (sleeping 
time). 2nd year dvàpara will end in morning (rising 
time) on 366th day. 3rd year Treta will end on 
366th day noon, when sun is at highest. 4th year 
krta or satya will end in evening when people are 
moving. Thus Aitareya Brahmana tells - sleeping 
is kali, rising is dvapara, standing is tretà and 
moving is krta, so keep on moving (7-15). This is 
attributed to Manu. This was around 23,720 B.C. 
aS Taittiriya sarhhità indicates (7-4-8) vasanta at 
Phalguna full moon. Rk veda indicates rains in 

fgasira nak$atra indicating same time. 

Thus 4 years yuga with 4th as leap year 
appears to be first system started around 24000 
B.C. Then 19 years yuga with 7 leap years (lunar) 
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of vedànga jyotisa continued upto about 3000 B.C, $ 1 
ie. kali beginning. With kali erà smaller 5 year | 
yuga of yajurveda forming a 19 year yuga was 
started. i 

F. Jaina calendar - Sürya prajnapti and Candin 
prajñapti are two principal texts written at the time : 
of Mahavira about 600 B.C. However Jain Tir-i 
thankars and their astronomical traditions might ; 
have started along with yajurveda or early | 
brahmana texts. 

There are five kinds of sarnvatsaras (years) - i 

(1) nakéatra samvatsara (2) yuga (cycle) sam- | 
vatsara (3) Pramana (standard) samvatsara (4); 


Lakéana (symptomatic) samvatsara and (5) sanicara | 
(saturn) samvatsara 


Days in year Months Month ` 
in year of 5 year ode | i 
Nákétrika 327-51/67 days 27-21/27 67 
Lunar 354-12/62 29-32/62 62 
Rtu 360 30 61 
Solar 360 30-31/62 60 
Abhivar-  382-44/62 31-121/124 57-3/3 | 


1 


dhana 
A five year yuga consisted of 5 lunar | 


3 


samvatsaras with 3rd and 5th years having extra; 
months called abhivardhan samvatsara. This i$; 
almost like yajus jyotisa but simpler. Nakśatra 
samvatsara was named according to nakéatra 
occupied by Jupiter at the time of complation of! 
samvatsara - these are same as present months 
names of India. Sanicara samvatsara was time ofi 
$ani in crossing 1 nakSatra out of 28 with mean: 
motion. 
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(10) Indian Eras : 

(A) The eras started after kali era are based 
on concept of Mahayuga of 43,20,000 years or a 
kalpa of 1000 mahayuga. Yuga concept is attributed 
to Aryabhata in 499 AD and kalpa concept to 
Brahmagupta in 627 AD. However, Brahmagupta 
refers to Visnudharmottara Purana. Smrtis also 
have been referred to. Aryabhata himself has 
followed purana tradition, except to treat four parts 
of yuga as equal. The five limbs of calendar, known 
as pañcāñga have already been explained in the 
previous chapter. Their brief definitions are given 
again 

(1) Vara - Runing weakday in a cycle of seven 
days. 

(2) NakSatra - NakSatra occupied by moon. 

This almost means one day and was most 
popular in mahabharata era to indicate a day (in 
Valmiki Ramayana also). 

(3) Tithi - Moon rise to moon rise system was 
changed. Vedanga jyotisa started equal division of 
tithis depending on phases of moon. 

Moon - sun 

12? 

Quotients above 15 indicate krsna paksa and 
extra days beyond 15th are counted as tithi number. 
Hence Krsna tithi is called' bahula divas' (extra 
day) or 'badi' in short. Sukla tithi is called sudi - 
Suddha divasa. 

. (4) Karana is half of tithi. In veda it was moon 
tise to moon set or vice versa. From vedanga jyotisa 
It is exactly half of tithi. 


Tithi - 


Moon - sun 
6 ——— 

Corresponding to 1 day = 2 karanas extra at | l 
beginning of 19 yeear vaidika yuga, one karana at | | 
each end of amavasya are omitted from running | 
cycle of seven karanas. These 4 are fixed karanas. | 
Remaining 56 karanas start from $ukla Ist tithi 2nd : 
half in which seven karanas are repeated 8 times | 
in a month. 


(5) Yoga - It is only a mathematical concept. . 
It means sum of longitudes of sun and moon and . 
one cycle of 360° makes 27 yogas. Originally there : 
were only 2 yogas. Vyatipata was when kranti of: 
sun and moon were equal but their longitude was ; 
equal and in opposite directions. When longitude : 
is same but kranti is equal and opposite, it was” 
called ‘vaidhrti’. Thus yoga was means to calculate : 
these and subsequently others were included to 
make a complete cycle of 27 yogas like 27 nakSatras. 

There is another kind of yoga which is 
combination of vara, tithi or nakSatra for auspicious 
works. 


Karana = 


B. Rules for calender - 


(1) A lunar month stars from Sukla 1 (called 
ananta) or from Krsna 1 tithi called Pürnimaànta. 
Lunar month is named after the nakSatra ap- 
proximately occupied by moon on pūrnimā of that 
month. Amanta is called mukhya and other gauna. 

(2) A solar month starts with entry of madhya 
sürya in a nirayana rāśi (i.e. fixed point of zodiac). 
The first day of month may start on same day, 
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next day or 3rd day according to occurrance of 
sankranti in different parts of day or night. 

(3) In luni-solar year a lunar year tallies with 
a particular sankranti of sürya every year. In a 
lunar month when there is no sankranti the month 
is called adhika masa. The month having two 
sanknantis, is called k$aya māsa, the month 
corresponding to 2nd sankranti of the month is 
dropped. KSaya masa is called amhaspati. The 
adhika māsa before it is called sansarpa (or in Ist 
ayana uttaràyana of the year). The adhika māsa 
after kSaya masa or in 2nd ayana is called 
malimluca. 


(4) Uttarayana starts when sun starts its 
northward journey after winter solstice or sayana 
makara sarnkranti (24th or 25th December). 
Dakéinàyana starts when sun starts going south 
from summer solstice i.e. sàyana mithuna sankranti 
(26 June). A year may start with start of uttarayana 
as in vedanga jyotisa or from equinox in uttarayana 
- vernal equinox which is middle point of 
uttaráyana. Instead of exact equinox point of 
uttarayana, we count entry into fixed zodiac rāśi 
which follows 23 days later at present. 


C. Rules for sankranti 

(1) In Orissa, solar month begins on same 
day as sankranti of madhyama sürya, irrespective 
of the part of day (sun rise to sun rise) it falls in. 

(2) Tamil rule - If sankranti takes place before 
Sunset the solar month begins on same day, 
Otherwise from next day. 

(3) Malabara rule - In parahita system of 
Kerala, if saħkrānti takes place before lapse of 3/5th 
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of duration of day (i.e. about 18 ghati or 7h / 12m j 
after sunrise - about 1-12 p.m.), month starts on j 
the same day, otherwise from next day. 

(4) Bengal rule - When sankranti takes place ! 
before midnight, month starts from next day, if it | 
is after midnight, then from third day (next to next : 
day). 

If sankranti is within 1 ghati of mid night, ` 
i.e. 24 minutes before or after, tithi at sunrise time. 
is examined. If sankranti is before lapse of that 
tithi then month starts on next day. If it is after - 
tithi then from 3rd day. For karka and makara | 
sankranti this rule is not followed. 


D. Eras started in India - 


Eras of long period have been described in 
all old civilisations. They describe three great 
floods. After one great flood Brahma appeared and 
started the civilization. Then saptarsis were born, 
rule of Daitya, Deva and Danava followed. That 
may be called Deva yuga. 

Devayuga ended with another great flood in 
which rudiments of life were preserved by Manu. 
(or Nuh). After re:settlement human eras began. 
These were formed into a cycle of 12,000 divya 
years, 1/10th was kaliyuga, 2, 3, 4 times were 
dvapara, tretà and krtayuga (or satyayuga). 

There was another era called saptarsi era 
which is equal to 2700 divya versa, assuming that 
they remain in one nakSatra for 100 such. years. 
Another count in Vàyupurana mentions saptarsi 
yuga as 3030 manusa varsa. Thus divya varsa 
appears to be solar sidereal year of 365-1/4 days 
and máànusa varsa is sidereal lunar year of 327.4 
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days. These values give the above ratio of values 
given in Vayu purana. 

Each yuga was further divided into sub parts, 
like Vayu purana indicates 24 parts of tretà yuga 
and great personalities have been named in each 
part. Each part considered equal, parts of Treta 
were of 150 years each. Dvàpara had 28 parts - 
2400 solar years = 85.7 years approx. It is more 
convenient to keep 4 parts as sandhi periods after 
treta and after dvapara. Then each part is of 1 
century, i.e. 1 nakSatra of saptarsi. Some cor- 
roborating quotations for this time scale are - 


(1) Megasthenese quoted by Pliny (Indika of 
Arian ch IX) 

From the days of Father Bacchus to Alexander 
the Great, their (Indian) kings are reckoned at 154 
whose reigns extend over 6451 years and 3 months 
(Pliny} 

‘Father Bacchus was the first who invaded 
India and was the first of all who triumphed over 
the vanquished Indians. From him to Alexander 
the Great, 6451 years 3 months.....reign by 153 
kings in intermediate period (Solin) 

From the time tb Dionyson (or Bacchus) to 
Sandrokottos, the Indians counted 153 kings and 
a period of 6042 years. Among these a republic 
was thrice established, another for 300 and 120 
years. 

Nete - Bacchus is mentioned in Bible, becomes 
Dionyson .in Greek. This is -derived from 
"Danusünu' (son of Danu third wife of Kasyapa -- 
or danava) or Vipracitti (Bacchus). Herodotus has 
stated that Bacchus was called Orotol in old Arabic. 
This is derived from Vipracitti. 
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(2 Among sons of Reyap prajapati, eldest. E 
were born from Diti called Daitya. Next were from i, à 
Aditi called Aditya or deva. Daitya were earlier ^ 
and first to rule over world, hence they were called .' 
'pürvadeva'. Last were born from youngest wife ^ 
Danu called dànava.:.Daitya and dànava were 4 
called asura and they were anti to deva or Sura. j 
Herodotus writes on basis of Egypiian priests (part .: 
1, p.136) E 

The twelve gods were, they affirm, produced : 
from the eight and of these twelve Hercules is one. : 
Hercules belongs to the second class, which consists 
of twelve gods and Bacchus belongs to the gods . 
of the third order (P.199). E 


Note - Hercules is derived from ‘sura kule$a' : 
ie. Visnu. One form of Visnu. was vamana, ` 
youngest of the twelve àdityas, who conquered . 
Bali. 


Daitya Hiranya ka$ipu = Zeus 

Prahlada = Epaphos = Libye 
© Virocana = Beor 

Bali = Bala = Bel = Baalim 


Bana Candramà = Cadmus 


Greek names are according to Pedigree by 
Nounos (1-377), Bible Duternomy 23-4 tells - they 
hired against thee Balaam the son of Beor of Pethor 
of Mesopotamia. In Jesus 3/7 and 6/28,30, it is 
called Baalum and Baal. 
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Devayuga before krta yuga has been men- 
tioned in Ramayana Bala kanda 9/2 and Jaimini 
Brahmana 2/75, Mahābhārata Adiparva 14/5 
Sabhaparva 11/1, Vanaparva 92/7. 


(3) Floods - Encyclopaedia of Religion and 
Ethics - 

Article on ages - The cuneiform texts mention 
kings before the flood in opposition to kings after 
the flood. In times before the flood, there lived 
the heroes, who (Gilgames Epic) well in the under 
world, or like. the Babylonian Noah, are removed 
into the heavenly world. At that time, there lived, 
too, the (seven) sages. 


Berosus, priest of Marduk temple of Babylon 
under rule of Selucus writes - There were 86 kings 
after flood in first family who ruled for 34,090 
years. Then 5 more families ruled one after the 
other. 


It is note worthy that among the south 
Amercian Indians, it is generally held that the 
world has already been destroyed twice, once by 
fire and again by flood; as among the eastern 
Tupies and Aravaks of Guiana. 


Saving of civilisation from flood in a great 
boat has been described in south America also 
Tales of Cochiti Indians - Bureau of American 
Ethnology. Bulletin 98 page 2-3. 

(4) Herodotus writes on basis of Egyptian 
calculations - (part 1 page 189) 

Seventeen thousand years (from the birth of 
Hercules) passed before the reign of Amasis. And 


even from Bacchus, youngest of the three, they 
count fifteen thousand years. 
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Vayupurana tells 12 deva in Ist treta yuga. 
For further material - Bharata varsa ka Brhat Itihasa 
- by Bhagavaddatta, Pranava Prakà$an, Delhi - 26 
may be referred. 

E. Eras since Kali (i) King Yudhisthira 
ascended throne after Mahabharata war and the 
time since then is counted as Yudhisthira $aka. 
Varahamihira writes in Brhatsamhita that according 
to old Garga, Saptarsi were in Magha during the 
reign of Yudhisthira. 36 years after that kali era 
started with death of Krsna 


(2 Kali era - It started 36 years after 
Mahabharata war on the day Krsna died. After 
some months Yudhisthira relinquiished his throne. 
According to Alberuni (part 3 p.239), it started on 
13th tithi of Aégvina. There are thousands of 
documents mentioning this era. All text books 
count the day from kali beginning. Accordingly, it 
starts on 17/18-2-3102 B.C. Ujjain midnight on 
Friday. Its months are both Caitradi (luni solar) 
and mesadi (solar). Year expired in kali era is 
obtained by adding 3179 to Saka year. 


(3) Saptarsi era - It was also called laukika 
kala and Sastra kála in Ràjatarangini where it has 
been followed as the standard. This era began on 
Caitra $ukla Ist tithi in kali year 27. Saptarsis remain 
for 100 years in one nakSatra and after each century 
in a nakéatra the years are counted afresh. Era is 
mentioned merely by the nakSatra name in which 
saptarsi remain. Thus years are found by adding 
46 to $aka era, neglecting the centuries. 


(4) Old Saka era of Varàhamihira - Brhat- 
samhita 13/3 tells that Saka starts 2526 years after 
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king Yudhisthira. This is 554 before Vikrama era. 
According to this Saka era, time of Varahamihira 
was 427, i.e. 127 years before Vikrama era. (epoch 
of Pancasiddhàntikà) He himself writes in kutühala 
mafijari that he was in beginning of Vikrama 
samvat. Traditionally he is reputed to be one of 9 
wise men with Vikramaditya who started Vikrama 
samvat. Such a great astronomer was needed to 
start the new era since Vikrama, Sri S.B. Diksita 
also has stated in his history of Indian Astronomy 
vol IL. p.2 that the siddhàntas mentioned in 
paficasiddhàntika belong to 5th century before Saka 
era (new). Thus his epoch of 427 old $aka is a 
convenient period about 100 years before Vikrama, 
not his time. The subject matter also is much older 
than Aryabhata during whose time the older, 
theories were extinct. 

(5) Südraka or Sri Harga samvat - (2644 Kali) 
Sudraka was also called $ri Harsa who was a king 
of Andhra Kula. Albiruni (chapter 49) has written 
that Sri Harga was 400 years before Vikrama. 


Ain - Akbari (description of Ujjaini) tells that 
difference between Aditya Ponwára (Südraka) and 
Vikramaditya of Vikrama era was 422 years. 

Yalla in his Jyotisa Darpana (Saka new 1307) 
has written amnferqreetat (2345 or 2645) spesa: FNTT: 
Taking 2645 as correct version, $üdraka era started 
in kali 2645 or 399 years before Vikrama. 


This Südraka has written ‘Mrcchakatikam’ a 
famous drama. He ruled over Malwa, Kannauja, 
Kaśmīra etc. After 400 years, 2nd Vikram samvat 
became more popular and this era was forgotten. 
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This samvat was also called Krta samvat. King : 


Samudragupta has written that (Krsna Carita) 


'His rule was rule of law and religious, Hence 
his era was caled Krta samvat.' 


AR rs 


This was written as Malava samvat because : 


of its start in Malava. 


Jain Acarya Hemacandra also has mentioned 
that rule of Südraka was famous for righteousness 
(Kavyanu$asana - Bombay edition p.464). 

(6) Parad samvat - This is Indian name of 
Parthian era or Arsacid era starting in 246 B.C. in 
Iran. This was in use in West India. 


(7) Vikrama Samvat (kali 3044) - This was also 
called Sahasanka year. All Gupta kings used 
Vikram name, so this is connected with one of 
them. In old geneology, Samudragupta is con- 
sidered 93 years after Vikramaditya of Avanti (or 
Ujjain). In north India, it is Caitradi with 
purnimanta months. In Gujarat it is kartikadi and 
months are amànta. Jain inscriptions have called it 
Gupta era also. 

(8) Christian era started with British rule in 
India. 

(9) Salivahana Saka (78 A:D. - Alberuni has 
written (part-3) - One Saka king ruled in areas 
around Sindha river and through his tyranny he 
tried to destroy the Hindu culture. He was either 
a Sudra of north west border or from a western 
foreign country. In the end, one king from east 
came and expelled him. After killing Saka king he 
was called Vikramaditya and another era started 
with him. 
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This Vikramaditya might have been Skan- 
dagupta according to purana chronology. 

This is most popular, among astronomers. 
Amaraja Brahmagupta, Bhàskara II, have written 
that, 3179 years of kali had passed at the end of 
Saka king. 

Alberuni tells that Gupta - Ballabha samvat 
started 241 years after Saka. Gupta empire lasted 
for 242 years. Thus Gupta empire and Saka kala 
started together. 

Mesadi solar years are followed in Tamil and 
Bengal and caitradi lunar year is followed else- 
where. Lunar months are pürnimànta in north 
India and Amaànta in south India. 

(10) Kalchuri era or Cedi era : Kings of Bhoja 
kula ruled in Cedi (present Bundelkhanda) 

Yallaya in Jyotisa darpana has written that 

Bhojaraja samvat = Saka year + 50 

According to this, it started in 28 AD or 85 
years after Vikrama era. 

Keelhorn assumes it to start in 255 AD. 
considering Narasinha deo of Kalinga and of Dahal 
(M.P.) as same person. This year started from 
'A$vina Sukla 1. 

(11) Valabhi era - One Vallabha ended the 
rule of last Gupta king who was a tyrant and 
Started ths era in Saka 242. (This has already been 
mentioned in statement of Alberuni under para 9 
above). 

Vallabhi king Siladitya had dispute with a 
merchant Ranka of his town. Ranka invited Hindu 

ing Hammira of Gajani (Afganistan). In a night 
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raid Ballabhi was distroyed in Vikrama era 35 which ; 


was also referred. 3 j| 


H 


(12) Hijri Era - This started with Islamic rule: 
in India. 

(13) Kollam or Parasuráma Era - This is known! 
as Kollam (western) Andu (year). This is used iii 
Kerala and in Tirunelveli district. This is sidereal: 
solar year starting from solar month of Kanyéa in. 
north Mahabar and simha month in south. This. 
year runs in cycle of 1,000 years and present cycle 
is said to be fourth. It's 4th cycle started in Saka 
747 or 824 A.D. According to Mahabharata, 
Paraáuram was in sandhi of treta and dvapara (i.e. 
24th part). Thus Para$urama must have been above 
5000 years before 824 AD, may be 6000 completed: 
years. 


(14) Nevàra year started in 878 AD, with 
Karttikadi amanta months. It was used in Nepal 
upto 1768 AD. 

(15) Calukya Era - Calukya king Tribhuvana 
Malla started this era in 997 AD. 

(16) Simha Samvat - It was started in Gujrat 
in 1170 AD. Months are amànta and start with 
Asadha. 

(17) Bangali Fasali etc - 

Bangali san started in 593 AD. It is solar year 
and ist month starting from mesa samkrànti is 
called Vai$akha (it is called caitra elsewhere). All 
month names are lunar. 

Vilayati san started previous year with Kanya 
sankranti i.e. 7 months before Bangali san. The 
year is solar with lunar month names. This was 
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used in Orissa. Difference in rules of sankranti has 
already been explained. Amli Era also was used in 
Orissa with luni solar months. This year started 
from Bhàdra $ukla 12th (the month of kanya 
sankranti), which is supposed to be birthday of 
kings Indradyumna of Orissa, in puràna era. 


Fasali san was started by Akbar. This started 
with same year number as Hizri era but it was 
solar calender to tally with harvesting time. In 
north India, it started in 1556 AD with Hijri year 
963. In south India it started in 1636 AD when 
Hijri year had become 1046. Thus years in South 
India are 2 more. In north India, Fasali year started 
from A$vina Krsna 1 pürnimànta. Then it was luni- 
solar. In Madras, it started with karka sankranti. 
The initial date was fixed by British on 13th July 
in 1800 AD and from Ist July in 1855 A.D. 


(18) LakSmanasena Era - It is current in Mithila 
region of north Bihar. This is Karttikadi, amanta 
and started in 1118 A.D. 


(19), Raja Saka - It started on Jyestha $ukla 
13th in Saka 1596 with coronation of Sivaji. 


(20) Ilàhi Era - This was started by Akbar and 
also called Akbar san. It started on 14-2 - 1956 
A.D. with his coronation. Its years and months 
are solar. Month names were Persian starting with 
Farvardin and each day of month had a separate 
name as in Persia. 


(11) Festivals and Yogas in India 


A. Rules Festivals are generally based on tithis 
except sankranti days. As a tithi generally covers 
a period of two days, a tithi may be counted on 
day when it is current on sunrise. But for religious 
purposes it may have to be celebrated on the 
previous day when it begins. Tithi for feast or fast 
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is observed on the day in which it covers the: 
prescribed part. 


For such purposes, a day is divided into 5! 
parts between sun rise and sun set - 


(a) Pratah Kala - 6 ghatika from sunrise. 3 
(b) Samjava - 6 to 12 ghatika from sunrise. 
(c) Madhyahna - 12 to 18 ghatika from sunrise. 
(d) Aparahna - 18 to 24 ghatika from sunrise. : 
(e) Sayahna - 24 to 30 ghatikas from sunrise. ' 
Relevant parts of night are - 


nmm 


(a) 4 ghatikas before sunrise are called: 
arunodaya or usakala 


(b) 6 ghatika after sunset are called pradosa . 


(c) 2 ghatikà in middle of the night are called, 
nisitha - midnight 


A tithi is pürva viddha when it commences 
more than 4 ghatikas before sunset of one day and. 
ends before sun set of the following day. A festival. 
on such a tithi is calebrated on the first day of; 
the tithi and not on the second. 


Tithi dvayam - when 2 tithis meet between: 
18 and 24 ghatikàs after sunrise, but a similar: 
meeting does not take place on next day. 


B. Festivals Connected with nakSatras as well 
as Tithis 


In southern India, nakSatras are often linked 
with solar months to observe a festival. Sravisthà, 
with Lunar $rávana makes upakarma. Tithi festivals: 
are also connected with solar months. When a 
$ukla pakésa tithi falls twice in a solar month, the 
first is called a $ünya tithi and only the second is: 
celebrated. 
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(1) Pratipadà (Tithi 1) 

Caitra $ukla pratipadà i.e. that which precedes 
the Mesa Sankranti, is the beginning of Hindu 
Lunar year. New year’s day (Lunar) falls on the 
day when pratipada is current on sunrise. When 
there is an adhika caitra, that begins the year. This 
tithi is, therefore, called Vatsararambha. It is also 
Navaratrarambha. 

There is another navavatra starting on Aávina 
$ukla pratipada. 

Karttika $ukla 1 is Balipratipada or Balipüja 
and is pürva viddha as to time. 

Bhadrapada bahula 1 is Mahalayarambha. 

Phalguna bahula 1 is Vasantotsava 
(2 Dvitiyà (Tithi 2) 

Aéadha $ukla 2 is Rathayatra dvitiya or Rama 
rathotsava. Kartika $ukla 2 is yama dvitiya or Bhratr 
dvitiya (sisters make presents to brothers in 
afternoon) Bahula dvitiya in 'Asàdha, Sravana, 
Bhadrapada and Aévina is called ASunya $ayana- 
vrata and fast is broken at moon rise. 


(3) Tritiyá (Tithi IID 

Caitra $ukla 3 is gauritritiya, also Matsya 
jayanti (afternoon), also Manvadi (forenoon). 

Vaisakha $ukla 3 is kalpadi (forenoon), Treta 
yugadi (forenoon), AkSaya tritiya (special when 
combined with Wednesday and Rohini nakSatra, 
forenoon), also Para$uráma jayanti. 

Jyestha $ukla 3 is Rambha tritiya, when 
Bhavani is worshipped at pürva viddha. 

Sravana $ukla 3 is madhu srava in Gujrat. 
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Sravana bahula 3 is kajjali tritiya 
Bhadrapada $ukla 3 is varaha-jayanti (after- i i 


noon); Haritalika, when Parvati is worshipped, : 
Manvadi (forenoon). It is also called Siva tithi. 


Phalguna bahula 3 is kalpadi (forenoon) 


(4) Caturthi (Tithi 4) 

Sukla Caturthi in every month is called? 
Ganesh caturthi on Vinàyaka caturthi, the chief : 
being Magha Caturthi (Gane$a jayanti). It is, 
celebrated at midday. Tila caturthi is its another: 
name; but is observed in evening. It ie also called | 
kunda caturthi. 

Bhàdrapada $ukla caturthi is special when it! 
falls on sunday or tuesday. 

Similarly, bahulà caturthi in every month is: 
Sankasta caturthi and is a fast day for people in: 
difficulties. Fast is broken at moon rise. If it falls: 
on tuesday, it called Angaraka caturthi and. 
continues till moon rise. 

Sravana bahula caturthi is the main Bahula] 
caturthi, and cows are worshipped. 


(5) Pancami (Tithi 5) 
Caitra $ukla 5 is Sri paficami. According 1 


pP 


TROPPO RETI 


some, it is also kalpadi. 


Sravana $ukla 5 is Naga paficami, when snakes 
are worshipped. If the tithi starts within 6 ghati 
after sunrise of one day and ends within 6 ghaf 
of sunrise on next day, the tithi is observed, oi 
the first day. 

Bhadrapada $ukla 5 is Rsi pancami. 
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Sravana bahulà 3 is kajjali tritiya 

Bhadrapada $ukla 3 is varaha-jayanti (after- | 
noon); Haritalika, when Parvati is worshipped, ; 
Manvadi (forenoon). It is also called Siva tithi. 3: 

Phalguna bahula 3 is kalpadi (forenoon) 


(4) Caturthi (Tithi 4) 


Sukla Caturthi in every month is called 1 
Ganesh caturthi on Vinàyaka caturthi, the chief i 
being Magha Caturthi (Gane$a jayanti). It is | 
celebrated at midday. Tila caturthi is its another | 
name; but is observed in evening. It ie also called: 
kunda caturthi. 


Bhadrapada $ukla caturthi is special when it: 
falls on sunday or tuesday. 


Similarly, bahulà caturthi in every month is: 
Sankasta caturthi and is a fast day for people in 
difficulties. Fast is broken at moon rise. If it falls 
on tuesday, it called Angaraka caturthi and 
continues till moon rise. 


Sravana bahula caturthi is the main Bahula‘ 
caturthi, and cows are worshipped. 


(5) Pancami (Tithi 5) 

Caitra $ukla 5 is Sri pancami. According to, 
some, it is also kalpadi. 

Sravana $ukla 5 is Naga paficami, when snakes. 
are worshipped. If the tithi starts within 6 ghafti. 
after sunrise of one day and ends within 6 ghati 
of sunrise on next day, the tithi is observed, on 
the first day. 

Bhadrapada $ukla 5 is Rsi paficami. 
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bhadra. A $ukla saptami on a sankrànti is calle {3 
Mahajaya which is superior to eclipse for making 
donations.. 
Vai$akha $ukla 7 is Ganga saptami or Gangot- 
patti (birth of Ganga - midday). 
Sravana bahula 7 is Sitalà or Sitala vrata, tim “4 
pürva viddha. 
Bhàdrapada $ukla 7 is called Aparajita ü 
Aévina $ukla 7 - About this tithi Sarasvati is. 
worshipped under mula nakSatra 
Karttika Sukla 7 is kalpadi (forenoon) 
Margasira $ukla is Surya vrata. 
Magha $ukla 7 is Ratha saptami or Ma 
saptami (time arunodaya), Manvadi (forenoon) 


(8) Astami (Tithi 8) 

An astami, falling on wednesday, is special 
and receives the name of Budhastami. The Sukla- 
astami in every month is sacred to Durga or Annaj 
purna, Bahula-Astami in every month calledi 
Krsnastami, celebrated at purvaviddha, is sacred to; 
Krsna. f 
Caitra $ukla 8 in ‘Bhavani utpatti’; whe i 
joined with Wednesday and punarvasu nakéatra, 
bathing on this tithi is special. 

Sravana bahula 8 - Janmástami, Krsnastami or 
Krsna Jayanti (midnight) special when combined 
with Rohini nakSatra; less so when joined on 
monday or wednesday. Manvadi (afternoon). 1 

Bhadrapada $ukla 8 - Jyestha Gauri püjana 
vrata; when combined with Jyestha nakSatra. 
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Bhadrapada bahula 8 - Mahàlakémi vrata 
(pürva viddha); Astaka $raddha. 

A$vina $ukla 8 - Mahaàstami, special when 
joined to tuesday. 

Karttika $ukla 8 - Gopastami - worship of 
cows. 

Karttika bahula 8 - Krsnàstami, Kāla 
bhairavastami or kala bhairava Jayanti. 

Margasira bahula 8 in Astaka ésraddha in 
afternoon, the same is case with bahula 8 in Pauéa, 
Magha or Phalgana. 


Pauga $ukla 8 in special when on Wednesday 
with bharani nakSatra (Rohini or Ardra according 
to some). 


Magha $ukla 8 is Bhismastami at midday. 
Magha bahula 8 is birth of Sita. 

(9) Navami (Tithi 9) 
Bhàdrapada $ukla 9 - Adukha navami. 


Agvina $ukla 9 - Maha navami or Durga 
navami, Manvadi (forenoon) 


Karttika $ukla 9 - Treta yugadi (forenoon) 
Margaéirsa $ukla 9 - Kalpadi (forenoon) 
Magha bahula 9 Ramadàsa navami 
(10) Dasami (Tithi 10) 
Jyestha $ukla 10 - Dasa-harà (destruction o! 
10 sins) Ganga- vatara. 
Asadha śukla 10 - Manvadi (forenoon) 
Aévina $ukla 10 - Vijayadagami (afternoon 
special with $ravana nak$atra, Buddha Jayanti. 
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(11) Ekadagi (Tithi 11) 


Every Ekadagi is sacred and has a separate 
name. It is called Vijaya when combined with 
Punarvasu nakSatra. 


p gor 


Month 
Caitra 
Vaisakha 
Jyestha 
Asadha 


Sravana 
Bhadrapada 


Aégvina 
Karttika 


Márga$ira 
Pausa 


Magha 
Phalguna 


Sukla 
Kamadi 
Mohini 
Nirjalà 
Visnu Sayanotsava 
Sayani or Visnu Sayani 
(Visnu going to sleep) 
Putradi 

Visnu parivartanotsava 

or parivartini (VIsnu 
turning on his side) 
calléd Visnu Smkhala 
when 11th and 12th tithis 
meet in Sravana nakéatra 
PapankuSa or pásánku$a 
Prabodhini (Awakening of 
Visnu), Bhisma paricaka 
Vrata commences 
Moksadà 

Putrada or Vaikuntha 


ekadasi, Manvadi (forenoon) 


Jaya 
Amalki 


12. Dvadasi (Tithi 12) 


This is called Mahàdvadaái in the following 
circumstances 


11th tithi current at sunrise on two successive 


days : 


Bahula 
Varüthini 
Apara 
Yogini 
Kàmadi or 
Kamika 


Aja 
Indira 


Rama 
Utpatti 


Saphala 
sat-tila 


Vijaya 
Papa mocini 


the next dvādaśī is called Unmilant. 
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12th tithi current at sunrise on two successive 
days - first dvadaéi is called Vanjuli. 


12th tithi followed by a full moon or a new 
moon tithi, current at two sunrises - Pakáóa 
Vardhini. 

12th tithi with Pusya nakSatra - Jaya 

- do - Sravana nakáatra- Vijaya 

- do - Punarvasu nakáatra - Jayanti 

- do- Rohini nakSastra - Papanaéini 

- Vaiśākha śukla 12, with Hasta nakáastra, guru 

and mangala in simha, sürya in mesa - Vyatipata 

Asadha śukla. 12, commencement of 
caturmasya vrata 

Sravana $ukla 12, Visnoh pavitraropanam 

Bhadrapada $ukla 12 - Vamana Jayanti (mid 
day); called $ravana divàdasi when with éravana 
nakSatra, specially on Wednesday. 

Asvina bahula 12 - Govatsa dvàdaái (evening) 

Karttika áukla 12 - (i) End of caturmasya vrata 
which began on same tithi in Asadha. 

(ii) Prabodhotsava or Utthana dvādaśi 
(preparation for waking Visnu) 

(iii) Tulasi vivaha (Marriage of Visnu with 
Tulasi plant) 

(iv) Manvadi (forenoon) 

Magha $ukla 12 - Bhisma dvadaái 

Magha bahula 12 - Tila dvadaéi or vijaya when 


With Sravana nakéatra (when previous Magha is 
adhika). 
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13. Trayodaéi (Tithi 13) 


Caitra $ukla 13 - Madana trayoda$i or Ananga: 
püjana Vrata (pürva viddha) 


Bhàdrapada bahula 13 - Kali yugadi (after- 
noon) 


(ii) Magha trayodasi - when with magha 
nakSatra 

(iii) Gaja chàya - when with magha nakSatra 
and sun in hasta. 

A$vina bahula 13 - Dhana trayodaái 

Magha $ukla 13 - Kalpadi (forenoon) 

Phalguna bahula 13 (i) Varuni when joined 
with Satabhisaj 

(ii) Mahavaruni - do - + Saturday 

(iii) Maha-maha-varuni - when joined with 
Satabhisaja nakéatra + saturday + $ubha yoga 
(14) Caturdasi (Tithi 14) 

Bahula Caturda$i in every month is Sivaratri 

‘Vaisakha $ukla 14 - Narasimha Jayanti (sunset) 
: special when joined with svati nakSatra + saturday. 

Sravana $ukla 14 - Varahalaksmi Vrata 

Bhadrapada $ukla 14 - Ananta caturda$i 

A$vina bahula 14 - Naraka caturdasi (moon 
rise), Dipavali may fall on this tithi if with svati 
nakéatra (normally on Aévina bahula 15) 

Karttika Sukla 14 - Vaikuntha caturdaéi (mid 
night) 

MargaSirsa Sukla 14 - Pasana Caturdasi 

Magha bahula 14 - Maha Sivaratri (mid night 
when Sravana nakéatra is current). Special when 
combined with sunday or tuesday and $iva yoga. 
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15. Sukla Paücadasi (Tithi 15) or Pürnimà 


A éukla 15 or purnimá is called somavati when 
it falls on monday and is special for donations 


It is called cüdàmani - when further joined 
with a lunar eclipse. Special names are given below- 

Caitra Pürnimà 

(1) Manvádi (forenoon) 

(2) Hanumdana Jayanti 

(3) Special for bathing when combined with 
sunday, thursday or saturday. 

Vaisakha pūrņimā - Kürma Jayanti (late after 
noon) 

Jyestha pürnimà (i) Manvadi (fore noon) 

(ii) Vata’ pürnimà or Vata savitri (pürva 
viddha) 

(iii) Maha Jyestha when moon and jupiter are 
in Jyestha nakSatra and sun in Rohini 

Asadha Pürnimaà (i) Manvadi (forenoon) 

(ii) Siva Sayanotsava or Kokila vrata or Vyasa 
puja 

Sravana purnima (i) Rk yajuh Sravani (for 
followers of Rk and yajurveda 

(ii) Rakéa bandhana (tying a string round the 
arm) or Rakhi ptrnima or nàrali pürnimà (throwing 
coconuts into the sea) 

(iii) Hayagriva Jayanti 

Bhadrapada pürnimà - (i) Kojagari pürnima 
Or kojagara vrata (mid night) Laxmi and Indra 
worshipped; games of chance. . 

(ii) Navanna pürnimà - when new grain is 
cooked. 
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Kàrttika pürnimà (i) Manvadi (forenoon) 

(ii) Caturmasya vrata ends 

(iii) Tripuri pürnimaà or tripurotsava 

(iv) Special when joined with Krttika nakSatra 
(v) Maha Karttiki, when joined to nakáatra 


Rohini or when moon and jupiter both are in 
| Krttika nakáatra. 

(vi) Padmaka yoga when moon in Krttika and 
sun in visakha 

Marga$irsa pürnima (i) Dattatreya or Datta 
Jayanti (evening) 

(ii) Special for donation of salt when joined 
with Mrga$irà 

Magha pürnima - maghi - when moon and 
jupiter both are in Maghà nakáatra 

Phalguna pürnima (i) Manvadi (forenoon) 

(ii) Holika or HutaSani pürnimà (evening) 
(16) Bahula Pancadasi (Tithi 15) - Amavasya 

A solar eclipse on sunday is cüdamani and is 
special for donations. 

Srávana amavasya (at beginning of next month 
bhadrapada as in all cases) - Pithori or KuSotpatini 

Bhadrapada amāvasyā - Sarvapitri or Mahalayà 
amavasya, special when sun and moon both are 
in hasta 


Aévina amavasya - Dipavali, with previous or 
following tithis; that on svati nak$atra is special. 

Pausa amavasyà - (i) Ardhodaya when joined 
with sunday in day time + Sravana nakSatra + 
Vyatipata yoga. 

(This can happen only when some previous 
month is adhika) 
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(ii) Mahodaya - when any one of these special 
features is lacking. 

Magha amavasya (i) Dvàpara yugadi (after- 
noon) 
_ (ü) special for $raddha. when joined with 
Satabhisaja or dhanisthà nakSatra. 

Phalguna amávasyà - Manvadi (afternoon) 


Notes - (i) Many festivals differ due to 
interpratation by different sects or regions. 


(ii) The list is not exhaustive 


(iii) There were 14 manus (7 yet to come). So 
14 days are manvadi. 


(iv) Birthdays also differ according to inter- 
pretation whether original reckoning was solar or 
lunar. Birthdays of other sains like Tulasidasa, 
Nànaka, Kabira or Raidàsa etc are also calebrated. 


(v) There are many other local festivals. 


C. Methods for Citation : (i) Normally the 
gata or expired years, amanta months and Caitradi 
years are given. A lunar year begins only when 
the solar year begins with mesa sankranti. Thus it 
is same as counting mesadi solar years. Compared 
to this, the current years in christian era are counted. 


(ii) Sometimes Varttamana or current years, 
pürnimànta months or karttikadi lunar years are 
also given, peculiar to a system of samvat. 


(iii) An era is called year, samvat, samvatsara, 
San (arabic or persian), $aka etc. Thus $aka is not 
only $aka era but year in any era is called $aka. 
(iv) Sarhvatsara is named in 60 year cycle of 
guru varsa or Jovian years. In south India it is 
merely a solar year with Jovian name. In north 
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India it is the Jovian year actually completed ati 
the beginnig of a solar year or year at the moment, j 


Jovian years are also named in 12 years cycle,3 
when it completes one revolution. The current rá$i: 
of Jupiter is name of year. Alternatively, Jupiter: 
years are named on lunar months, corresponding 
to solar rāśis in which Jupiter is present. Maha is“ 
added before these lunar months to indicate that“ 
they are years (Jovian) 


References : (i) Spherical astronomy by W.M. 
Smart, Longman Green, London or by R.V. Vaidya, i 
Payal prakà$ana, Nagpur etc can be referred. : 
Godfray has written a book ‘Moon’ only about ' 
Kinematic theory and perturbations of moon.. 

(2) For finding correct positions, a Nautical : 
Almanc can be referred. 

(3) History of calenders can be referred to the- 
relevant article in Encyclopadia Britanica by: 
Fotherington. History of calendar has also been' 
published by govt. of India, publications division, : 
being part C of report by National commission on : 
calendars under Dr. M.N. Saha. 

(4) History of Astronomy by S.B. Diksita, : 
Govt. of India, or by S.N. Sen and A.V. Sub-; 
barayappa, published by Indian National Science 
Academy, Delhi - 2. 

(5) Bharata Varsa Ka Brhat Itihasa by: 
Bhagavaddatta, Pranava Prakà$ana, Delhi - 26. 

(6) Indian chronology by L.D. Swami Kannu 
Pillai. 

(7) Reference for deciding festivals is Nirnaya 
Sindhu by Kamalakara Bhatta. 
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Verses 1-3 - Scope - Now I (author) write 
accurate panjika for getting quick results in 
marriage, sacred thread ceremony, house construc- 
tion, yajia and birth caremonies etc. With help of 
this, accurate position of sun and moon are known 
and kranti, Sara, lunar and solar eclipse, conjunc- 
tion of planet and nakáatra, rising and setting, 
mahapata, tithi, nak$atra, yoga and karana etc can 
be calculated. 


Old astronomers assumed maximum increase 
of 5 danda and decrease of 6 danda in a normal 
tithi of 6 danda. Due to this their panjika was 
inaccurate, because actual increase or decrease limit 
of a tithi is much more. After describing rough 
panjika according to old school in last chapter, 
now I an explaining the method for accurate 
panjika. Calculation as per these rules will give 
correct time for auspicious works and the tithis etc 
can be actually seen. When direct observation 
proves the accuracy, no further logic is necessary 
in support of these rules. 


Mean sun and moon corrected only by 
mandaphala give correct position at amavasya and 
purnimà. This has been described in previous 
chapter. 


Verses 4-6 - Need for further corrections 

Panjika has five limbs - vara, tithi, nakSatra, 
yoga and karana - so it is called paticanga. Except 
the first part vara, all others depends on sun and 
moon. Hence these will be accurate if sun and 
moon are accurate. Manda paridhi of moon and 
. Sun is taken same for rough and accurate methods 
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both. Hence sun and moon corrected by man-. 
daphala is called Ist (corrected) planet. 


From this Ist graha and Ist ravi sphuta 
gati, we calculate diameter of planet, time upto 
parva sandhi (i.e. pürnimà or amāvasyā), bhuja, 
mandakarna and lambana correction of. sun. 

Motion of moon is very complicated. After’ 
long period of observation, I have thought it 
necessary to have 3 more correction in addition to 
mandaphala. These four corrections are - Manda, 
Tungàntara, Paksika and digamáa. 
Verses 7-9 - Tungántara correction 

Tungantara kendra = Candra Mandocca 

- (sphuta ravi + 3 rà$i) - in Suklapakéa 

or = Candra mandocca - (sphuta ravi - 3 rasi) ' 

- in Krsna pakSa 

Find out bhuja jya of tungantara kendra. 

Tungantara bhujaphala (its bhuja jya) is; 
multiplied by 16 and divided by radius (3438). Then; 
it is multiplied by bhuja jya of difference of sphuta| 
ravi and sphuta candra and again divided by; 
radius. 

Result in kalà etc. is multiplied by Ist candra 
sphuta gati and divided by madhya candra gati: 
(790'35"). Result in kala etc will be tungantara! 
phala. When tungàntara kendra is 0° to 180°, this; 
is added to Ist sphuta candra otherwise substracted.} 
We get second sphuta candra. l 
Verses 10-12 - Pākśika phala 


Pākśika Kendra = 2nd sphuta candra - sphuta! 
ravi. Lapsed and remaining parts of the kendra in 
its quadrant are found. Lesser of the two i$ 


Corrections to Moon 321 


converted to kalà and multiplied by 2. Jyà of the 
resulting angle is divided by the hàra, to be 
calculated as below, gives pàk$ika phala in kala 
etc. When candra (2nd) is in Ist half of pakSa, 
pakéika phala is added to 2nd candra, otherwise 
it is deducted. 

Pakéika hàra is found by substracting Ist 
sphuta sun separately from mandocca of sürya and 
candra. Bhujajya of the two remainders is calculated 
and multiplied together. Product is divided by 180 
and to the quotient we add 90. Result is the hara 
for paksika phala. 


a 


Verse 13 DigamSa phala 


Mandaphala calculated from sphuta sun is, 
divided by 10; multiplied by sphuta candragati, 
and divided by madhya candra gati. Result is 
digamSa phala. The mandaphala being positive or 
negative, digamśa phala is added or substracted 
from 3rd sphuta candra. We get 4th sphuta candra 
which will be accurate position. 


Verses 14-15 : Reasons for correction - 


In plane surface snake moves in a wave like 
motion, but at the time of entering a hole, its 
motion becomes straight. Similarly, moon deviates 
from the mandocca resultant motion normally, but 
on pürnimà and amavasya, these deviations vanish 
and only mandocca effect remains. 


When snake enters a hole, its wavy motion 
ceases under pressure from narrow sides, but its 
natural forward motion also is affected. Similarly 
On parvasandhi, moon is not affected by tungantara 
and paksika sanskàra, but digamáéa phala is still 
effective (in addition to mandaphala). 
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Comments : Fortnightly veriations in orbit due . 
to sun effect are not evident on parvasandhi | 
(pürnimà or amavasya) because sun, moon and. 
earth are in a straight line. Howevere, total. 
attraction of sun, varies according to its own: 
variation in distance, causing minor corrections of . 
digamsa phala. Parvasandhis are like a hole for. 
snake, hence the simili. 


Verse 16 - Rough and accurate correction for 
sun - For correcting accurate sphuta of ravi, 
accurate chart should be used and for rough 
sphuta, rough chart is used. Use in reverse order 
will create errors. 


Verses 17-21 - Accurate sphuta gati of candra - 


Accurate tungantara phala is multiplied by 
radius (3438) and divided by Jya of difference 
between Ist sphuta candra and accurate sphuta 
ravi. Result is multiplied. by kotijya of difference 
of (Ist sphuta ravi - candra) and divided by radius: 
(3438). Result added to Ist sphuta candra gati phala: 
gives 2nd gati phala. This is added when manda: 
kendra is 90° to 270°, otherwise substracted. 

Paksika phala in kala etc. is squared and; 
deducted from the square of maximum pak$ika: 
phala. Square root of remainder is multiplied by: 
difference of 2nd candragati and sphuta sürya gati: 
and divided by half radius (1719). Result is added: 
to 2nd gati when candra is in Ist half of $ukla: 
pakéa or 2nd half of krsna pakéa. Otherwise, it is, 
deducted. This is third sphuta gati of moon. This 
‘third gati will be accurate. Difference of sphuta 
candra on two successive days also gives sufficiertt- 
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ly accurate gati for calculation of tithi and auspi- 
cious works. 


Comments : Corrections have already been 
explained in the introduction of this chapter. This 
explains the change of speed due to two paksika 
variations due to sun's attraction. Last correction 
is due to change in distance of sun which is 
negligible within a day and correction is not needed 
for ralready small effect. 


Tungantara phala = - 160’ cos (@—a) Sin (D-0) 
where D = moon corrected for mandaphala, 
0- . Longitude of sun, 


@ = mandocca of moon. 


For a short period, only D is variable which 
is position of moon. 


Hence speed due to this correction is PY 
differentieting Sin (D-0) 


= - 160’ cos (0—a) Cos (D-0), ó(D-0) 

_ RxTungantara phala R cos (D — 0) 

|  RsinD-0)  ^' R 

Thus we get the formula 

PakSika phala = 38'12" Sin 2 (D-0), 38'12" = 
max phala = P X 

where D’ = 2nd sphuta moon. 

Gati due to paksika phala is its differntial 
.38'12" cos 2 (D-0) x 2 d(D-0) 
3812” V1-sin?2 (D - 0) x 2 (dD - dé) 


1 
= VP? — (Pākśika phala)? x (2nd candra 


gati - ravigati) x 2 
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2nd candra gati — Ravi gati i 
R^ % 
This is the formula given above 


= Vp? — Paksika Phala}? X 


Verse 22 : Sthüla value is not entirely useless, “ 
it is good for daily use. But adverse moments like į 
visti, to be strictly avoided, should be calculated ; 
only through accurate motion. 4 


Verse 23 : Phases of moon 


Sun deducted from moon gives the kendra, i 
when this kendra is in ist 6 rāśi i.e. 0° to 180°, it~ 
is $ukla pakéa. When moon is ahead of ravi by * 
180° to 360° it is krsna pakéa.First 3 rasis are Ist : 
half of Suklapaksa, then upto 6 ráóis it is 2nd half 
of $ukla pakśa. similarly in krsna pakáa, Ist half : 
is from 6 to 9 ragis and 2nd half is from 9 to 12; 
rāśis. One fourth of every pakśa (i.e. 45° difference) ` 
is called pakśa pāda (quarter). 


Verses 24-26 - More correct motion of moon - 


. Now I am telling more accurate motion of: 
moon which needs to be calculated for eclipse. For : 
this gati, we find gata and gamya kala (lapsed and ; 
remaining) times of parvanta (pürnimà or: 
amavasya). From that, true moon is found out. 
From this sphuta gati, spar$a, mokéa, sthiti etc; 
periods of eclipse are accurately known. i 


First gatiphala is kept in two places. At one? 
place it is multiplied by parama tungantara phala‘ : 
(160) and divided by parama mandaphala (300'50^), ; 
At second place it is multiplied by Ist sphuta gati: 
and divided by madhyagati (790’35”). Result of: 
both places are added. The sum is added to. 
madhyama gati of candra when manda kendra is: 
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in 6 rāśis starting from karka (90°-270°), otherwise 
it is deducted. This is true mean speed of moon. 


This is again kept at two places. At one place, 
sphuta sürya gati is substracted and divided by 
half of hàra. Here Hara = bhuja of (candra 
mandocca - sükéma sürya) x Bhuja of (ravi man- 
docca - sükáma ravi+ 180° + 90°. Quotient is added 
to the true mean motion of moon at second place. 
Sum is true motion of moon. 


Kotiphala x Kendragati 
Comments - Ist gatiphala = Aouphala x Kenaragan 


R 
r.cosm x ôm 
j R 
Thus the above formula is 
m 160 ` r cos m 
R Lesmecr-1 R ) 


Gatiphala of Tungantara is 
160 cos m. cos (D-6) 
m -D-a- mandakendra, 


cos (D-0) is 1 for parvanta as D- = 0° or 
180* 


ô M 
Hence, tungantara gati phala = 160 cos —5- 


R 
This is the first term of above formula - 
0M 160  160cos m à 
Eo .rcosm. "OE EE MG m 


Remaining terms are second order corrections 
m mandaphala itself. .- 


Second step of correction amounts to paksika 
Correction as stated earlier after verse 21. 
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Verse 27 - Accurate panjika - Use of one 
rough panjikà for normal works and another 
accurate panjika for important works will not be 
appreciated by anybody. Hence only accurate 
panjika should be used, even though it involves 
. hard labour. It alway deserves more respect. 


Verse 28 - Definition’ of true planet - We are 
on the surface of earth. The point of sky where 
line from earth’s interior centre to our location 
point on surface meets is called ‘svastika’ (vertically 
upward point). When the planet is seen on the 
great circle from kadamba (pole of ecliptic) through 
svastika and calculated position of graha on ecliptic, 
graha is called spasta. 


Note - This will be explained fully in chapter 
7 and lambana samskàra for solar eclipse. (Chapter 
9) 


Verse 29-31 : Need for calculating true planet - 


According to old teachers, all auspicious works 
are done only according to this true graha. For 
this purpose bhagana and bija corrections are done 
to the planet. 


For daily and: special works of vaidika and 
smartta type, true position of all planets are 
needed. But correction to moon is needed more,: 
because pancanga is based on moon's position. 
Hence, accurate corrections like tungantara, pák$ika 
and digaméa etc. have been thought of. 


Even after these three sanskaras, there is 
difference of 2-3 palas (upto 1 minute) in the 
calculated and observed position of moon. But it 
is preferable to error of upto 14 ghati (about 6 
hours) which will occur without these corrections. 
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Only Brahmà can know how to eliminate this small 
error. 

Note : Though these corrections are great 
improvement, some error will always remain. Error 
withhin 1 minute is sufficient for day to clay work. 
More accurate position is needed for scientific 
works. Every formula will give some error, though 
it is about 1/10 seconds or less in modern methods. 


Verse 32-33 : Lambana and Sara 


A planet will be seen in different position, 
when seen from earth’s centre (which is calculated) 
and when seen from surface (where we are 
located). 7 


The angular difference between two position 
is called lambana. (In vertical position, it is already 
in line from earth centre to surface, hence lambana 
will be nil). 

Distance of the planet from krànti vrtta along 
great circle from pole of ecliptic (kadamba) to centre 
of planetary disc (also passing through svastika - 
vertical up point) is called Sara or vikSepa. 

Calculation of lambana and Sara is called 
drk-karma (change of axis) This is needed only 
for lunar and solar eclipse and conjunction of 
planets. In that context only, it will be calculated. 
It is not needed for calculation of tithi and nakSatra 
etc. 


Verses 34-39 : Authorities on need of true 
planets - Vrhatsamhità (Varahamihira) has stated - 
If grahana occurs before calculated time, then 
damage to foetus or child in womb, or war with 
weapons occurs. If it occurs after calculated time, 
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then damage to crops, loss of flowers and fruits 
and fear for people occurs. 


Garga samhità states - The result of having 
eclipse before or after calculated time has already 
been stated. Persons knowing true planets, never 
have error in timing. If every (astronomical) event 
occurs according to calculated time, then enemies 
of kings are destroyed and troubles cease. People 
become happy, being free from fear and disease. 


Vasistha states (not known in which text) - 
Tithi etc. should be decided according to that 
theory only which gives true position of planets. 


Sakalya samhita states - Corrections to calcu- 
lated position of planets should be done after 
observing them through instruments like nalika 
(tube or telescope) gola (mirrors or sphere), turiya 
(Fourth - compound telescope). Correction of 
observed error is called bija sanskàra. After that 
correction only, all rules will be correct. Result of 
direct observation (pratyakSa) cannot be ignored. 


What is use of the gold ornament which cuts 
the ears ? Similarly what is the use of that óàstra 
whose results are not actually seen ? 


Verses 40-42 : No need of lambana for tithi cal- 
culation 


The people who talk of lambana for calculation 
of tithi etc, do not know its meaning. Explaining 
them is like talking to a deaf. 


Spasta graha is known from the point of 
intersection of line from earth centre to the planet, 
when the graha is seen at that place, it is called 
spasta (or true) planet. 


329 


If graha is seen from earth's surface, tithi will 
pe different for different places due to separate 
lambana corrections. hence tithi needs to be 
calculated from earth centre, so that it is same all 
ove the world. 


Verses 43-46 : Bija sanakára - 


When graha is. not same as per ganita 
(calculation) and drk (observatoin), it cannot be 
used for auspicious works. So I describe the bija 
karma, i.e. corrections to calculated position to tally 
it with observed position. 

Bhaskracarya (in Bijopanayana) has stated - 
After daily observations of moon, I have observed 
that moon is seen 112’ liptà east or west from its 
calculated position. These are the minimum or 
maximum values of Bija. 


In Sürya siddhànta - Sun himself has stated 
in the end that he was explaining bija for good of 
the world even though it was a secret; after praying 
to gods and vedas. 

In Brahma-sphuta siddhànta - Graha ganita 
(calculation from planetary theory) as told by 
Brahmà himself was lost (became erroneous) after 
lapse of long time. So Brahma gupta, son of Jisnu, 
seeks to correct it with bija-sanskara. 


Verse 47-52 : Origin of Tungintara correction - 


The error in calculated position of moon upto 
112’ lipta (stated by Bhàskara) is probably due to 
distance of moon from ecliptic, so it should be 
related to the maximum vikśepa (281’ lipta). 
Because, after adding 3 rāśis of sayana moon, Jya 
Of its kranti is 1370’. This multiplied by maximum 
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vikéepa and divided by radius (3438) gives 112 
kalà. This is the same amount which is found by 
calculating difference between calculated planet and 
observed planet. 


Bhaskarcayra has called it Ayana drk--karma, 
there are different types of Ayana karma in other 
siddhàntas. So it should be called a bija sanskara. 
I have called it parama tungaàntara phala. 


It appears from drk-karma of Bhaskaracarya 
that maximum value of tungantara sanskara is 
continuing since long ago. According to ancient 
teachers, it fluctuates, so they have advised to 
correct moon with bija sanskara. 


To know the change in maximum value of 
tungantara phala, moon will be corrected after one 
thousand years. The error from true moon will 
give the value of change. 


Notes : Candra$ekhara has not understood 
the theory or reasons behind this tungantara 
correction, But from the nature of variations, he 
has correctly assumed the position of maximum 
deviation and hence has got the correct formula. 


Verses 53-57 - Variations in duration of tithi - 


A tithi which includes aparahna of two 
consecutive days has beeen called sük$ma tithi in 
smrtis. Thus such a tithi has more than 66 dandas 
(as aparáhna period is 6 danda and a day is of 60 
dandas). 

According to smrti, if tithi just touches one 
evening and is over before first half of day, then 
the sraddha of that day should be done on next 
day. It should be over by 'kutupa' of next day. 
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(Here ‘Kutupa’ means 8th muhürtta of the day 
time out of 15 muhürtta - 30 dandas between 
sunrise to sunset). Thus tithi = sayahna 6 danda 
+ night 30 danda + half day time 15 danda = 51 
danda. 

Gautama smrti has stated - If in sayahna 
(evening) of caturdasi (Krsna pak$a), amavasya 
starts and is over before midday, then $raddha 
should begin in kutupa muhürtta (14 to 16 dandas 
from sunrise) and should be over by rohana 
muhurtta (12-14 danda after sunrise) on next day. 
This is called amavasya  $raddha. 


In $ukla and krsna pakéa, on 7th, 8th and 
Sth - the three middle tithis, maximum difference 
in tithi duration is less than 6 danda. So these 
tithis have only 5 types of classifications - the 6th 
category of above six danda difference from 60 
danda doesn't exist. Other 12 tithis in both pakśa 
have 6 types òf class. If smrtis are interpreted in 
this manner, there is no error in drk siddha (true) 
calculations. 


Ancient teachers, didn't observe the daily 
location of moon in constellations. With rough 
calculation, there is variations in middle tithis also 
upto 14 dandas (i.e. I 7 danda from average). But 
they had strived for accuracy, only at the end of 
a pakśa when wrong eclipse time will cause insult 
to the astronomer. 


Notes - Traditional view about variation of 
tithi is ‘Bana vrddhi, rasakSayah’ i.e. increase upto 
? dandas and decrease upto 6 danda. This gives 
tithi limit from 54 to 65 dandas. But Candrasekhara 
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has found corroboration from smrtis that it is ; 


actually from 51 to over 66 dandas. 


Verses 58-67 : Sükéma nakéatra of unequal 
divisions - Now I explain the method to calculate 


sük$ma nakSatra (unqeual divisions) for use in :; 


journey, marriage and sacred thread ceremoney etc 
as decided by sages like Garga, VaSistha. 

Mean motion of moon in a day (790'35") is 
the extent of sükáma nakéatra. One and half times 
this value is the extent of these six nak$atras equal 
to (1185'52"18") - (4) Rohini (7) Punarvasu (16) 
Anuradha and three Uttara nakSatras (12) Uttara 
phalguni (21) Uttarasadha (26) Uttara Bhadrapada. 

Half extent (395'17"26"") is of the six nakéatras 
(9) Aglesa (15) Svati (18) Jyestha and (24) Satabhisa 

Remaining 15 nakSatras have unit extent 
(790'35"). Deducting the total of these 27 nakSatras 
(21345'41"5") from kalas of full circle (21,600), 
remainder (254’18”35”’) is the extent of Abhijita 
which comes between (21) Uttarasadha and (22) 
Sravana. 


We substract the kala of as many nakSatras 


from sphuta graha as it is possible. It is the number - 


of completed nakSatras. Remainder (gata) kala of 
the graha is the lapsed part of current nakáatra. 
This part deducted from full extent of current 
nakSatra gives remaining part (gamya or bhogya 
kala). Gata and bhogya kala, separately multiplied 
by 60 and divided by sphuta gati of graha, give 
the lapsed or remaining time of the graha in current 
nakáatra. 


Each of the 28 nakSatras of unit, half, one 
half length or Abhijit being divided by 4 gives its 
one pàda (quarter). 
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As per rough rule, rāśi of 1800 kalā contains 
9 nakśatra pāda (27 nakśatras excluding Abhijit 
have 27 X 4 = 108 pāda = 12 rāśi X 9). Thus 108 
pada in 12 rà$is are according to mean equal values 
of nakéatras. With sükáma rule, 1 rasi doesn't have 
complete number of nakSatra padas. 


For example, at the end of 4 rasis 4 X 9 = 
36 nakSatra pada or 36 + 4 = 9 nakSatra till Aslesa 
will be completed and 5th rasi simha should start 
with 10th nakSatra. But according to sük$ma 
calculation magha nakSatra starts 8° before simha 
rasi itself. 


Notes : (1) There are three measures of a 
pancanga for approximately one civil day. Week 
days are for fixing current routine of work and a 
day more than seven days ago or in future is not 
referred by the week day. Thus in modern 
university history books, even for modern eras, 
week days do not figure. This doesn’t mean that 
use of week days is not common in modern days. 
Due to temporary nature of weekdays, and use for 
astrology only, they have not mentioned in 
histories of Ramayana and Mahabharata and in 
vedas. This should not mean that week days were 
not known in ancient India, as it is concluded by 
so called modern scholars. Another weakness of a 
week day is that it starts from local sunrise time 
in Indian system (local midnight in Gregorian or 
christian calender, local evening in Jewish and 
Islamic calender). Thus in all systems, it starts at 
different time at different places. Thus it cannot 
be made a world rference. 


(2) Technically, tithi starts on same time all 
over the world. But for civil purposes, only. the 
tithi current at sunrise is counted, hence it may 


334 


be useful for religious functions, but civil tithi will | 
be different in different places. Another defect is; 1 
that it is a mathematical calculation, even when 
, moon has risen, only the approximate tithi can be 
known from its phase by rough eye estimate.. 
However, nak$atra can be measured more accurate-: 
ly even with seeing moon's position among stars} 
by naked eye. Even for calculation purpose, itj 
doesn't suffer the errors in finding true position j 
of moon, as it can be seen by direct observation. 

This is the reason that all the important events in? 
Mahabharata, Ramayana and Purana are indicated ' 

by nakSatra of moon (instead of tithi) in addition , 
of the lunar month. This is evident to the whole: 
public and easily identifiable time in distant future. 


(3) When nakéatra extent is made exactly equal j 
to the mean motion of moon in one day, some: 
part of the full circle will be left out as the moon? 
takes more than 27 days for a siderial revolitions. } 
Thus 27 nakéatra equivalent to 27 days motion of} 
moon, doesn't cover the circle completely and a! 
small 28th nakéatra abhijit is introduced equivalent 
to extra time beyond 27 days taken in moon’s; 
sidereal revolution. 


Reason of unequal division is that, along the! 
path of moon in sky, inclined at 5° angle withj 
path of ecliptic, sufficient bright stars are not! 
available for all nakéatra divisions. The three vacant; 
places were identified with their preceding star’ 
groups causing division of 3 nakéatras in parva; 
and uttara parts - Phalguni, ásàdha and bhadrapada | 
(or prostha pada - old name). These three vacant! 
places and 3 other star groups having lesser gaps: 
- were given 1-1/2 times the length. Correspond- | 
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ingly, the length of 6 nak$atras was reduce to half 
to compenisate the excess. 


(4) Vi$vàmitra made equal divisions for each 
of 27 nakSatras and further divided them into 124 
parts each for accurate calculations of solar and 
lunar nakáatras at the end of day, pakéa or half 
year. Thus he created a different nakáatra system 
- which is proverbial creation of stars by him. This 
has been explained in introduction, while explain- 
ing vedànga jyotisa. Corresponding to 24 original 
nakSatras, there are 24 letters in a Gayatri chanda. 
But with 3 extra nakSatras by division of 3 into 
pürva uttara parts, 3 extra letters (vyahrtis) were 
added to Gayatri mantra whose sage is Vi$vamitra,. 
making 27 letters in it. This corroborates the view 
that number of verses in Rk veda and number of 
letter in its chandas are based on astronomical 
measurements at regular intervals. This unequal 
division will be more clear when longitudes of 
identifying stars are discussed. 


Verses 68 - 71 - Sankrànti i.e. crossing from 1 
division to another 

Exact point of sankranti of a ràói is when 
centre point of a planet's disc reaches the last point 
of the rasi. This sūkśma sankramana is known by 
name of rà$i which is to be entered, not the past 
rasi. Complete sankranti period is the time taken 
by complete disc of graha from touching the border 
Point to its complete crossing. To find the 
Sankramana kala, drameter of graha birba (disc) 
in vikalà is divided by graha gati in kala. 
Sankramana kàla is obtained in danda etc. Within 
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sankranti period, surya gives very favourable: 
results. 

Planets give mixed results of both rasis during 
sankranti period. Similarly while crossing over from: 
one nakSatra to the next, as long as the border’ 
point is covered by bimba (disc) of the planet, it; 
gives results of both the nakSatras. 

Candra bimba (disc) in Vikala, separately: 
being divided by (1) difference of ravi and candra. 
gati (2) candragati, (3) sum of candra and ravi gati, 
gives respectively the sandhi time of (i) tithi or 
karana (2) nakSatra and (3) yoga. 


Verses 72-74 - Different circles - Due to effects: 
of ucca, kranti and pata, many circular orbits are 
formed. 


Orbit due to attraction of sighra and manda 
ucca is called pratimandala (eccentric circle - 
explained in previous chapter). Path of kranti is’ 
called apamandala (to be explained in 
Triprasnadhikara). 

Due to deviation of graha from krànti vrtta 
due to pata, another circle vimandala is formed 
which is path of pata (apamandala and vimandala 
are great circles perpendicular to ecliptic and will 
be explaiend in next chapter. 


Verses 75-91 : Precession of ecliptic and 
Ayanàámáéa 

Point of intersection of kranti vrtta (ecliptic 
plane of sun’s orbit) and visuva vrtta is.called pata 
which moves in the opposite direction to the 
normal motion of planets. Completed revolutions 
(bhagana) of pata in a kalpa are (6,420,170) as 
observed by the author. 
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This pàta is above all planets and circle of 
nakSatras (slowest rotation indicates farthest dis- 
tance). This moves the nakSatra vrtta from east to 
west in plane of kranti vrtta. 

When this pata is in six rá$is beginning with 
mesa (0° to 180°), it takes the nakSatra and planets 
etc 27° towards east. When it is in six raSis starting 
from tülà (180° to 360°), it takes the nakéatras etc 
27° towards west. 


Due to this pata, planets like ravi and 
nakSatras starting with A$vini are seen towards 
north or south from ecliptic even on the position 
of 0° kranti. 

To find out kranti pata for desired day, kalpa 
revolutions of kranti pata are multiplied by 
ahargana and divided by savana dinas in a kalpa 
(i.e. 15,77, 91, 78, 28, 000). We get the complete 
revolution numbers and from remainder rà$i etc. 
of kranti pata. 

The result in rasi etc is substracted from 12 
ra$i and remainder is converted to bhuja according 
to quadrant and then to kala. Bhuja kala divided 
by 200 is called calanga. This is also called 
ayanamáa. 

Raminder after division by 200, is multiplied 
by 60 and divided by 200. We get kala of ayanàmáa. 
Motion of ayanàmáéa in one day is 9/28 para etc. 
At the beginning of karanàba (1869 AD, mesa 
sankranti at Lanka), ayanàmáa was 22'1'51"45"/42"" 
etc. 

When krantipata is in six rasis beginning with 
tula, then ayanàmáa is negative and, when in six 
rāśis beginning with mesa it is positive. 
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According to Sürya siddhanta - D e 
corrected graha (or sáyana graha) only is used for ~ 
calculating kranti, chaya, carkhanda etc. Motion of ; 
kranti pata can be seen at the time of visuva ' 
sankranti (sayana karka sankranti in uttarayana and . 
makara sankranti in dakSina ayana). 


Saptarsi, Agastya and Yama and the stars | 
close to them have no motion due to kranti pāta 
(They are near north or south pole and very far - 
from ecliptic). Their motion in nakSatra mandala : 
towards east indicates that nakSatra circle has : 
moved west wards. Seeing west ward motion of . 
Saptarsi etc means that nakSatra circle has moved . 
eastwards. With this concept, astronomers calculate : 
the Sara of nakSara, which is north or south : 
deviation from krànti vrtta along circle perpan-.: 
dicular to it. ; 

Position of sun calculated from shadow 
(chaya) is different from mathematical position of 
true sun. This difference is ayanāmśa. This 
ayanaméa is also moving eastwards. If calculated - 
true sun is more than sun found from shadow, . 
then ayanàméóa is moving west wards. 

At the time of karka 
and makara sankrànti, c 
when krāńti of sun is 
equal, the rāśi etc of sun 
at both points is added. £1 
Their half is ayanaméa.® 
When sayana_ karka ore SS ÀHolt 


makara sankrànti is seen m l ; 
before nirayana PN 
sankràntis then ayanamSa Qt 
will be added, otherwise 


it will be deducted. Figure 2 
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Note - (1) Newton's explaination : (Figure 2) 
C is pole of ecliptic EL'L. Let T; be mid point of 
E and L and thus the first point of mesa for year 
1. Then the celestial pole is at P1 and celestial 
equator is Ej, TiQ; Due to precession of equinoxes, 
the first point of mesa is slowly moving in 
backward direction L T; E along the ecliptic. If T; 
shifts to T? in year 2, the celestial pole shifts to 
P, along a small circle P;P?P, - - - where CP is 
obliquity of the ecliptic. The celestial equator 
assumes a new position E; Tz Qz in year 2. The 
celestial pole Pı goes round the pole of ecliptic C 
and it makes a complete circle in a period of about 
26000 years. 3 N 


Figure 3 

In Fig 3 - if earth is homogenous sphere, the 
force of attraction of sun will act, as if the mass | 
is concentrated on its centre C., But it is an oblate 
Spheriod, whose polar axis is shorter than 
equatorial axis by 43 Kms. The main pull due to 
Sun is still along CS which keeps earth in orbit 
round the sun. But the bulge at equator EE; suffers 
additional pull. The nearer portion of bulge at E: 
1S attracted more and E less. This extra forces at 
Ei and E are equal and opposite in the direction 
Of sun, but line EE, is inclined at an angle with 
CS. Hence it is a couple which tries to bring earth's 
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equator in plane of ecliptic. Due to this couple, 
precessional motion arises. 


Overall reason of precession of solar orbits is i 
. that each planet influences the other and net.effect : 


is to bring angular momentum vector of all planets 


8 
t 
H 
à 


nearer to the direction of total angular momentum : 
of the solar system. This mutual perturbation has : 
a cycle of around 28,000 years. Due to motion of “ 
sun round the galactic centre also the angular : 
momentum vector of solar system is turning in . 
direction of galaxys momentum. However this : 
effect is very small and occurs in a period of about , 


250 million years. 


Rigid Body Dynamics by A.G. Webster gives i 
the following formula - Angle of precession P,CP; : 


= V due to sun's attraction 


3ym C-A sin 21 
= — — tos ot —— 
20P C an? 


where = y gravitational constant = 6.67 X 10% 


C.G.S. units 


C = moment of inertia of earth round the. 


polar axis 


A = moment of inertia of earth round an 
e axis 


- Obliquity of ecliptic = 23°26'45” 
m = mass of sun = 1.99 X 10? gms 


= distance of earth from sun = 1.49 X 10? 


m 
P ; 
1 = longitude of the sun 

n = angular velocity of earth in orbit 


2 


= tide raising term 
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Q= angular rotational speed of earth in 
radians - i 


For a homogenous sphere, C-A and V = 0. 
If polar radius C = a (l-e), where € is ellipticity of 
earth, . 
C-A 1, , 
xd ds 297 if concentric layers of earth 
are assumed homogenous. Bug its real value has 


1 
been found to be 304' Putting the values in formula, 
dWs 


due to sun is 
dt 
3ym -A —— -12 
op X c cs” (1 — cos 2)- 2.46x10°** rad/sec. 


It is multiplied by 2.063 X 10? - seconds in 
radian and 3.156 x 10’ seconds in a year to get 
seconds of arc per year. Thus rate of solar 
precession = 16".0 per year. 


pm : 
for moon is more 
r 


than double of the sun. in 
34".4 per year. 

Moon's orbit is making an angle of 5'9' 
average with sun's path (ecliptic) varying + 10’. 
Point of interaction of moon's orbit travels on - 
eecliptic in a period of 18.6 years (motion of rahu). 
Figure 4 shows C, M as poles of ecliptic and of 
moon’s orbit. P as celestial pole (earth north pole). 
Solar precession is vector along line PS. perpen- 
dicular to CP, lunar precession is represented by 
vector PR which goes up and down as M goes 
round C in a cycle of 18..6 years (Rahu period) 
components of motion are 


unar precession - 
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Along PS. = Wms = Ws + Vm CosM PC ! 


Perp to PS. Wn = Ym Sin MPC 


This causes certain irregulaties in precessional: 
motion and also in the annual variation of obliquity - 
- which is called nutation - with a period of 18. 5 
years E 


If t = no. of years after 1900 AD, then ` : 

Rate of precession = 50".2564 + 0".0002225 t. 

Angle between equator and ecliptic Planes is 

23'27'8".26 - 0".468 t - 
- Correction in precession due to nutation is 


Figure 4 i 
-177.235 sin (sāyana rāhu) - 1”.27 sin (2 sáyana. 
sun) 
Correction in incline of equator is i 
+ 9”.21 cos (sayana rāhu) + 0".55 Cos a 
sayana sun) 


.(2) Indian theories of precession : Correct 
theories : One theory states continuous backward, 
motion which is correct as per modern theory. 
Other theory indicates-oscillatory motion whch is 
not correct either according to modern theory nor 
accordiing to references in Vedas or brahmanas. + 
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Rates of Steady precession : Various quota- 
tions from puranas, brahmanas indicate different 
position of equinoxes. 


Rgveda tells rains from Mrga naksatra (J-161- 
13). Taittirilya sarnhita (17-4-8) indicates vasanta at 
phalguna full moon. Both indicate a period of 
. 23,720 B.C. when equinox was 352° behind present 
position. . 

Valmiki Ramayana indicates demon dynasty 
with Mula nakSatra at vernal equinox. This should 
occur at 17000 B.C. which tallies with Egyptian 
countings mentioned by Herodotus. It also tells 
beginning of Iksvaku dynasty with vernal eqninox 
at visakha at about 15080 B.C. This was the time 
of great deluge which is correct as per geology 
and sumerian records. — 


Mahabharata indicates fall of pole star vega 
(Abhijit). At about 12,400 B.C. this was the pole 
star. Hence, around this star, a small extra nakSatra 
had been assumed. 

Taittiriya Brahmana (I-5-2,6,) states krttika to 
visakha are Deva naksatras which turn Sun from 
south. Anuradha to Apabharani are yama nakSatra 
which turn sun from north. This position of winter 
and summer solstice was in 8357 B.C. Varah- 
` amihira tells that winter solistice was at Dhanistha 
beginning at time of Vedanga jyotisa and at Makara 
beginning in his own time (about 100 B.C.). He 
has concluded backward motion of ayana. 


Satapatha Brahmana tells Krttika at equator, 
present position being 36'9' east and vik$epa 4°2’. 
This was about 67°56’ east of present position of 
vernal equinox. This was 2942 B.C. 
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Manjula (932 AD) has indicated backs] 
precession of vernal equinox 1,99,669 cycles in a | 
kalpa i.e. 59".86 per year. Bhaskara II has also ` 
accepted his authority. He has stated that ayana 
was non existant at time of Aryabhata and. 
negligible at time of Brahmagupta and so they have 
not discussed. Even Bhàskara has mentioned it 
only in the context of constructing gola bandha 
(armillary sphere) Curiously Jagannatha Samrata in 
his Siddhànta Samrata has indicated 278 Saka as 
year of zero Ayanàmáa and rate of precession per 
year as 51". This value is accepted as per modern 
calculations Prthudaka (928 A.D.) has given 56."82 
per year. 


Even Munjala value is very accurate. In 932 
A.D. yearly rate of precession was 50.2453- 
0.0002225 t (years from 1850 AD) = 50.041". 
According to Indian practice, excess precession for 
tropical year is 9.76", then correct precession should 
be 59.8" per year which is very close to his value 
of 59".86. 


Liberation theory : A suspect passage occurs 
in Sürya siddhànta, Tripraénàdhikara, (9-10) which 
states 

In a yuga, nakSatra cycle falls back eastward 
thirty scores (fq Fer 30 X 20) Number of days 
(ahargana) is multiplied by this 600 and divided 
by number of days in a yuga to give the no. of 
revolutions and fraction rāśis etc. Its bhuja is 
multiplied by 3 and divided by 10, which will give 
ayana in am$a or ayanaméa. 


This gives an oscillatory motion of 27° east 
and west from equinox point. 
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This appears a defective and interpolated 
passage because- 


(i) It occurs in Triprasnàdhikára and out of 
context just after discussing directions and shadow 
lengths. 


(ii) No where else in this text krtya = 20 units 
has been used. 30 scores should have been written 
6 hundreds or each digit should have been 
indicated separately through words as per general 
practice. 


(iii) The verse indicates oscillation of nakSatra 
cycle around equinox. If it starts with east ward 
motion; in 5097 years since kali, it should be 
towards west from equinox. But the 0° of ecliptic 
is towards east from equinox point, as it has been 
clearly mentioned in next verse also. Thus the text 
should have stated oscillations of equinox point 
around 0° of ecliptic. Due to 600 speed, round 
number (540) had been calculated at the beginning 
of Kaliyüga. 

(iv) Oscillations of equinox within 27° is not 
mentioned anywhere in ancient texts. They have 
mentioned the difference of upto 35° and values 
at different points of time indicates only backward 
motion. 


(v) Bhaskara II has quoted Surya siddhànta 
differently. According to him, surya siddhànta tells 
3 lakh backward rotations of Ayanàmáa in a kalpa. 
This means 300 backward rotation in a yuga. This 
Can mean 3 backward + 300 forward = 600 
Oscillations in a yuga. But this interpratation has 
not been mentioned in own commentary or any 
Other commentary. Thus he must have mentioned 
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some version of sürya siddhànta prevalent in his | 
time. This was lost due to the interpretation : 
presently found. 


(vi) Reasons of accepting this wrong version . 
is that 0* position is same in both systems around 
285 AD. and both indicate backward motion till : 
2298 AD. Due to approximately equal angular speed 
in both system, we get the same position of 
Ayanāmśa. So no body has thought it necessary 
to refute this theory. 


Reasons for oscillation theory and its value of 
constants- 


(i) Bhaskara and Varahamihira have com- 
mented that Ayanamáéa was zero at the time of 
Aryabhata 3600 years exactly after Kaliyuga. Now, 
it has been assumed that all the planetary positions 
were zero at beginnig of Kaliyuga and they started 
moving east wards since then. The same assump- 
tion was made for krantipata which was found 
west from 0° at the time of Aryabhata. This means 
that, pàta started moving east wards with uniform 
speed like all madhya grahas, at mid point till time 
of Aryabhata it started moving backward and 
reached zero position again. Thus half oscillation 
was completed within 3600 years. Remaining half 
oscillation will mean backward motion for 1800 
years from Aryabhata and again forward motion 
for 1800 years, so that it comes to zero position 
in east ward motion, as in Kali beginning. Thus 1 
cycle is 7200 years, giving 600 cycles in a. yuga. At 
about 600 years after Aryabhata, if Ayanàmáa was. 
9° west, then maximum oscillation in 1800 years 
will be 27° on either side. Such measurement only 
can be basis of this limit. 


Corrections to Moon 347 


In comparison, Hipparchus (100 BC) had 
found precession but did not give the value. 
Ptolemy had estimated it to be 36" per year. 
Albatani of Arab in about 880 AD, found the speed 
as 55".5 Then Nasiruddin of Iran calculated in 1250 
AD as 51" per year which was very accurate. 


Siddanta Darpana has assumed sirya 
siddhanta theory of oscillation, but has slightly 
corrected the value to 6,40,170 oscillations in a 
kalpa instead of 6 lakhs for a kalpa according to 
.Sürya siddhànta. 


These corrections are based on the following- 


(i) Assumption of true 0° position which is 
with 1/2° error in eye estimates— This is according 
to position of identifying stars as given in Surya 
siddhanta. This will indicate the current value of 
ayanàna$a as to how much vernal equinox has 
shifted west from this 0°. 


(ii) Assumption about the time of 0° 
ayanaméa- it is clear that sürya siddhanta value is 
.based on 0° ayanaméa at the time of Aryabhata in 
3600 kali in which half oscillation was complete. 
Figure of 6,40,170 oscillations in a year by siddhanta 
darpana indicates 0'' ayanamSa in 284 AD. At 
present it is assumed to be on mesa sankranti of 
285 AD. So reasons of Candragekhara must have 
been same as current reasons for accepting this 
figure. 

‘It may be noted that both theories give same 
figure at present because, their speeds are almost 
same. 27*X4 - 108" oscillation in 7200 years means 
l' in 66.6 years. Siddhanta Darpana gives 1' in 
61.4 years. Modern figure is 72.24 years per degree 
for 0 AD and 71.63 years at 1900 AD. Munjula 
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figure also is 1° in 61 years. This was accepted by 1 
Bhaskara and this figure only has been accepted. `i 
by Candra$ekhar though under PUHete nt theory. 


(3) Formulas explained : 


Revolutions of Ayana till desired day — Ahargana 
. : Revolution in a kalpa —. No. of days in a kalpa 


In a full revolution of 360°, quadrants are of . 
90* each. In oscillatory motion the corresponding : 
quadrants are 


m ES CDS 


0° -90'- 0° to + 27° 

90° -- 180° + 27° to 0° reverse motion 

180° - 270° 0° to-27° reverse motion 

270° to 360° ` -27° to 0° forward motion 

Thus 27° Ayanaméa = 90° revolution — 
Pen 27 

or Revolution X 90 is Ayanámáa. l 

P E 
ence revolution is multiplied by 55= 35 or 3500 


which has been mentioned here. 


Verses 92-99 - Calculation of Kranti 


Planetary orbits (ecliptic) and: equator circle, ` 
both are in east west direction. Due to inclination, ' 
they cut each other which results in krànti (north ` 
south deviation). Thus, deviation of the planet, l 
north or south from equator is measured. along . 
great circles passing through north -pole and south ' 
pole (of earth projected in sky). This is also called > 
'apama' or 'apakrama'. ; 
_ Note : Kranti (apama or apakrama) is north 
south deviation from equator a‘ seen from earth. 
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Sara or vikéepa is north south deviation from 
ecliptic as seen from sun. 


Both are measured along great circle perpen- 
dicular to reference circle (equator or ecliptic). 


In celestial sphere, an imaginary circle of 
rotation of sun is called kranti vrtta or máàrga 
(ecliptic circle of path.) It is divided into 12 rāśis. 
Ayana correction is done in Ist and 7th rāśis (0° 
and 180* position). The corrected positions of these 
rasis give the positions of intersection of ecliptic 
with equator circle. These points are called pata. 
Since day and night are equal, they are called 
sampata. Thus there will be two sampata, vasanta 
and hemanta (vernal or autumnal equinox). At 3 
rasis from sampata, kranti will be maximum (23°30) 
in north or south directions. 

Jya of maximum krànti . (23°30) is (1370). 
Graha position corrected by ayanàmáa only is used 
for calculation of bhujaphala and jya. 


Ayanáméa is added to spasta graha, sum 
(sayana graha) is multiplied by Jyà of parama krànti 
(1370) and divided by radius (3438). This is 
equivalent to multiplication by 100 and division by 
251. This will be kranti jyà of the spasta graha. 
This value converted to arc will give kranti in kala. 


Square of krànti jyà substracted from square 
of radius (1,18,19,844) and taking square root gives 
‘dyujya’ which is half diameter of ahorátra vrtta 
(diurnal circle) - explained in Triprasnadhikara. 

Kotijya of sphuta graha (corrected with 
ayanàmáéa) multiplied by 100 and divided by 251 
and multiplied by daily motion of graha gives daily 
motion of kranti. 
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Ayana corrected graha moves northwards in 
Ist and last quadrants and south wards in 2nd and 
3rd quadrants. 


Notes : (1) Kranti from sàáyana graha - 
pecie ou 
A 0°: P 


O is the O° of ecliptic. By definition, kranti:! 
.at point A of intersection of equator will be zero, . I 
because it is at equator also. A is towards al 
from 0 due to backward motion. Planet P on edliptic.: 
is counted in east direction from 0° of ecliptic. .. 
Thus kranti of planet P increases from A in the; 
east direction, where it is zero. l 4 
Thus sāyana graha AP = OA (ayanàmáa) + : 
OP (distance from 0° of ecliptic i.e. true graha). $ 
(2) As seen from equator, the pata, A where. | 
kanti vrtta appears moving north wards is the pata 4 
taken as 0°. T 


Figure 5 

In figure 5, AE BA' is equator and AB' A' is i 
ecliptic which cut each other in line A O A’. OB i 
and OB’ are radius perpendicular to AA’ at 9 i 
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which is point of observation at centre of celestial 
. sphere. This equator and ecliptic are inclined at an 
angle B'OB which is about 23-1/2° 

Position of planet is at P on ecliptic whose 
distance from point A is the sayana graha - AP. 
PE is arc of great circle perpendicular to equator, 
hence passing through pole of earth or equator. 
Thus length PE is the kranti, which can be 
determined from relations of right angled triangle 
APE on the sphere. Hence sayana graha AP needs 
to be calculated to complete this triangle. 


According to Napier's law for right angled 
spehrical triangles, sine of middle part - product 
of cosines of opposite parts 


For middle part taken as PE, opposite parts 
are : 
5 -PA and 5 - ZPAE 
Hence sin (PE) = sin (PA) X Sin (PAE) 

Aver m : . RsinPA x Rsin PAE 

or Kranti jyà = R sin PE = R 
Here PA = sayana graha, ZPAE = parama 
kranti í 


Hence, krantijyā 
Jyā of sāyana graha x Jyā of parama krānti 

! Trijyà 

Thus the position of highest kranti B' is at 
90*' from A of 0° kranti. Another point of highest 
kranti is opposite to B' i.e. 90° from A’. 

Jya of parama kranti 1370 _ 100 . 
Trijya 3438 251 l 

b a fixed quantity, hence alternate formula has 
een given 
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(3) Speed of .kranti : 


100 
Sin PE - Sin PA x m 


Differentiating both, cos PE. d (PE) - cos PA] 
d (PA). zz i 
a a PN day, point A can be considered 
fixed and d (PA) = d (AO + OP) = d (OP) = speedy 
of nirayana graha a 
as d (AO) = 0 for small period 


equal to 1. 
So speed of kranti is d(PE) 


100 ; 
251 X d (PA) cos PA 


it 


i ; 
xi X speed of graha X cos of sáyana graha 


Verses Huet : 


geo ravi from Cay Aeee of sian j 
Verses 102-104 : j 

Day night values at a place-Kranti jyá, 
multiplied by palabha (shadow length of 12 length? 
stick on equinox day) and divided by 12 give 
kéitijya. This, multiplied by trijyā (3438) and 
divided by dyujyà gives carajya. Its arc will be E 
prana. 


Caraprana added to — L of day night (15 danda] 
gives half day length Vien it is north kranti. og 
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substraction from 15 dandas, half night length is 
obtained. When krànti is south, opposite procedure 
is followed - day half is obtained by 15 - caraprana 
and night half = 15 + caraprana. Multiplying them 
by 2 we get values of day and night (Quoted from 
sürya siddhanta) 

For finding day and night periods of 
nakgatras, moon and other planets, their Sara is 
added to kranti, when they are in same direction, 
or difference is taken, when they are in opposite 
direction. From this spasta kranti, day or night. 
time is found, (Day time is the period for which 
planet is above local horizon) 


Notes (1) These topics have been discussed 
in Triprasnadhikara, but to understand the mean- 
ing of these formulas, it is necessary to explain 
the technical terms. 


On equinox day, sun is perpendicular on 
equator, hence at local noon on an equator place 
it will be directly above, i.e. perpendicular to 
horizontal plane. Hence, a perpendicular to 
horizontal plane at other place with latitude ¢, will 
be at an angle @ with sun's highest position at 
noon. Thus the length of a vertical pilllar’s shadow 
at noon time on equinox day will give latitude of 
the place, 


Figure 6 


354 | .  Siddhánta Darpang 


In Figure 6, S is perpendiculat on equator} 
passing through E, S being direction of sun. Ati 
place P, latitude’ = $. Hence direction of sun inj 
CA direction makes ¿CAP = @ with vertical 


direction of pole PA = 12 unit length. 4 
PC PC. 208 
Tan 0 =AC 12? Sives measure of latitude $5 


3 
H 
4 
4 
4 


~ 
ES 


Figure 7 - Calculation of day time at a place : 
Figure 7, is a diagram for place O where day 
length of a planet i.e. period for which it is above 
horizon is to be found. NOS is horizontal line in 
north south direction at that place and DOD’ is 
the horizontal line for equator. D is celestial north 
pole (direction of earth's north pole in the sky). 
and D' is south pole of earth. N D V S is the 
north south circle and V is the vertically upward 
point at O. 
Due to daily rotation of earth, planets appear 
to move in circles parallel to equator. These circles 
are called ahorátra vrtta (diurnal circle). For 
different positions of a planet or nakSatra, the 
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circles projected on vertical plane are PjP;', P;P;' 
and PP; all parallel to equator P;P7. Sun on 
equinox day will appear moving on P;P7 - kranti 
for short time assumed constant. 

When north kranti of a planet is arc P2 Py 
then its diurnal circle is PP. When south krànti 
is P2 P5, then the circle is P} Py. (diameter only 
is shown in projection). At equator, the horizontal 
line DOD’ cuts all the diurnal diameters in two 
equal parts. As long as the planet is above horizon 
or on V side of DOD’, it is seen or rising. Below 
it; it is set. Thus at equator, day and night are 
always equal. 

However, for place O, the horizontal line is 
SON. Day.portion of the planet is P1H or P3H'. 
It is bigger than 12 hours for north kranti. 

OV is radius, P,K =Dyujya 

(diameter of diurnal circle) 

PP: arc or Z P,O P; is kranti 

Hence, kranti jya = P,L = OK 

Versin of kranti = P2L (versin 0 = 1 — Cos 6) 

Dyujyà = PK = OL = OP; - PIL 

= Trijyà - versine of krànti 

= Kranti koti Jyà (1) 

KSitijya = KH (extra motion on diurnal circle 
beyond half day). 

Latiude ¢ = ZHOK or 4 VOP: 

HK 

In AKOH, tan $ = OK 

Palabhà 
12 


But tan $ - 


E 
356 Siddhanta Daren 


Kranti jyà x Palabha 


Hence K&iti-jya KH = T -. D. E 


on P,P and P?P?' (in the spherical triangle). 


i PK PO E 
ence KH ^ OC à 

, KH x P O _ Ksitijya x Trijya E 
or OC’ = PiK = Dyujya --- ou 
This is value of OC' - carajya. Its angular | 


kalà value is caraprana, because earth takes 1 prana ® 
to rotate kala. 1 


From the equations (1), (2), (3), d 


Carajyà i 
. Kyantijya x Palabha Trijya : 
" 12 Kranti Kotijyà ; 
_  Krantijya Palabha x Trijyā : 


~ Krantikotijya NETUS 
= Kranti spar$a jyà X AkSanSa spar$a X Trijyà - - - (4): 
In modern terms when Kranti is 0 
Sin (cara) = tan ¢ tan 6 - - - (5) 
Complete day is rising from horizon H to top . 
position and then coming back to s again, after 


which it sets. Hence half day - - day WEE + 
carajyà. 


| Verse 105 : Correction due to $ara in day time 


From sürya siddhànta when krànti and $ara 
are in one direction they are added to find spasta : 
kranti of a planet (true declination from equator). ' 
When they are in opposite direction, their dif- 
ference is taken for spasta kranti. 


Notes : Kranti is inclination of planet from 
ecliptic. It is caused by two angles - Angle of 
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ecliptic with equator whch is called kranti (mean 
value). However, a planet deviates from ecliptic, 
whose angle is known as Sara. Hence total 
inclination with equator is sum of these angles. 
This inclination only, decides their day and nights. 


Verses 106-112 : Easy calculation of cara - 
Now a rough practical method is described to find 
out cara in pala. 


(i) Find out the cara kalas at the end of 1,2 
and 3 rà$is (corresponding to their krantis) 


(2) 3rd cara khanda = 3rd rāśi cara -cara of 
2nd rà$i 

2nd cara khanda = cara of 2nd rāśi - cara of 
Ist rāśi 

Ist cara khanda = cara of Ist rāśi itself 


These are the cara of mesa, vrsa and mithuna 
rasis in reverse order. 


(3) Bhuja of sáyana planets is taken, its ra$i 
and degrees etc. are kept separately. If it is less 
than 1 rà$i, then degree and minute (kala) are kept 
separately. 

(4) Degree and kala are multiplied separately 
by cara. Result at kalà place is divided by 60, 
quotient in degree added to degree place, 
remainder to be kept as kalà. Total degrees are 
divided by 30, remainder is kept there and quotient 
is added with ràái. 

If bhuja is more than 1 rà$i; but less than 2 
Tasi, position is multiplied by Ist cara for mesa 
rasi, kala and degrees are multiplied by cara khanda 
of 2nd rāśi. As before, excess kala and degrees are 
added in higher places of degrees and ráái. 
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If bhujà is more than 2 rà$i (it will be always 
less than 3 rá$i). then Ist and 2nd carakhandas are i 
added at Ist place of rasi. Degrees and minutes: 
are multiplied by 3rd cara khanda. These are: 
converted to rà$i, degree, kala as before. Alterna- : 
tively, cara of each ràái of ravi is taken and | 
accordingly, their fraction for each degree is: 
calculated. 


Notes : Rationale of method is obvious. It is 
linear interpolation which assumes that variation 
rate of cara within a rāśi (30° interval) is constant. 
This gives some error which can be ignored for: 
practical purposes. 


Verses 113-117 : Udayàntara pala from sáyana 
sürya - Now method to find udayantara sanskara 
is being explained. This is difference in pala 
between true sunrise time and madhyama sunrise 
time at Lanka. This is called time equation, arising 
out of inclination of ecliptic with equator. This rises 
steadily in first 3 half ràa$is (i.e. 3 X 1/2 X 30° 
= 45°) and decreases till next 3 half rà$is. 

From the first sampata point, udayantara (in 
pala) rises by, 12, 9, 4 pala for first 3 half rà$is, 
From 4th half rasi to end of quadrant it declines 
by same amounts 4, 9, 12. 


We find out the udayàntara palas for com- 
pleted half ràéis. Fractional portion of lapsed 
degrees is multiplied by pala of that 15° part and 
is added to the result for completed half rāśis (if 
udayantara pala is rising). It is substracted if 
udayantara is declining. 
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When bhujanga of surya is 45° (3 X 15° or 
3rd half rāśi), its udayàntara pala is maximum 25 
palas (12 + 9 + 4 pala). After that it starts declining. 
On equinox day or at 4th rà$is from that (0°,90°, 
180° or 270^) udayantara pala is zero. 

Udayantara pala is multiplied by daily motion 
of graha and divided by no. of pala in a day (3600). 
Result is added to madhyana graha, if bhuja of 
sun is in even quadrant, otherewise it is sub- 
stracted. Result will be the graha for sunrise time 
of Lanka. 

Notes : This is approximate udayàntara palas 
at the end of each half rāśis. Its complete 
explaination will be given in Triprasnadhikara. 
(p/447) 


Verses 118-120 : Rising time of planets - 


We add ayanamáa to graha, and from sayana 
graha its udaya time in asu (prana = 4 seconds) 
is found. Udaya asu is multiplied by daily motion 
of the planet and divided by no. of kalàs in a rà$i 
(1800) Result is added to kalàs in a circle (21,600), 
if the graha is margi (moving forward). If vakri 
(retrograde), it is substracted from 21,600. The 
result will be day of the graha in asus i.e. after 1 
rise, it will rise after that time again. 


Savana dina for sun is roughly 60 danda. 59 
liptà less from that is a nàkáatra dina. Method for 
finding savana dina of a planet has been told. 


. Notes : Udaya asu of a graha is its rising 
time, as its speed is seen from an inclined plane 
Which will be less than its speed in the ecliptic. 
This will be less than its normal rising time. The 
corresponding apparant speed is found by dividing 
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the rising lime of that rasi by 1800 kala and, 
multiplying it by gati of graha, this is movement: 
in one day as seen from a latitude. If graha ig. 
moving ahead, this will be extra time taken by: 
earth to reach its next rising place. Hence this time 
is added to 21,600 asu. 


Verses 121-126 : Rising time of rāśis 


The rasi which rises (on eastern horizon) at, 
a time is called lagna. At sunrise time, rāśi, amáa: 
etc of sürya itself is lagna. Savana day night; 
(ahoratra) is found from daily motion of ravi as: 
explained above. From true ravi at desired time, ; 
current rising rasi (lagna is found). 

In 1/12th part of kranti vrtta (ra$i), there are! 
1800 kala. Near equator, their inclination to equator ; 
is more. At the end of ayana (south or north), i.e. : 
90° east or west from equinox, kranti vrtta (ecliptic) | 
is paralled to equator. Hence, in diurnal circle‘ 
(parallel to equator), different parts of ecliptic rise | 
in unequal times. 

To find out the rising times of raSis at equator, 
the jyàs of 1,2 and 3 ra$is and their kranti jyas 
are squared separately. For each rà$i, kranti jya 
square is deducted from jyà square, and square ' 
root of the difference is taken. These are multiplied 
by trijya and divided, separately by jyà of 1,2,3. 
ra$is. Arc of the three results is calculated. 

Rising time in asu for third rasi is found by. 
substracting arc of 2nd from 3rd raéi. For rising of . 
2nd rāśi, arc of Ist is substracted from 2nd rāśi. ' 
Arc of Ist ra$i is its own rising time. 

Thus we get rising times in asu (udayasu) of | 
(1) mesa (2) vrsa and (3) mithuna rāśis. Udayasu . 
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of next 3 raSis are in reverse order i.e. rising time 
of (4) karka is same as of 3rd ra$i, of 5th simha 
it is same as of 2nd rà$i and of 6th kanya and Ist 
is same. 


Rising times of tula to mina is in reverse order 
of the times for Ist to 6th rāśis. 


Comments (1) Steps in calculation 
Jyas of the rāśis (1,2,3) or 30°, 60°, 90° are 
1719, 2978 and 3438 


Their squares are (29,54,961), (88,68,484) and 
(118, 19,844) 


Kranti jyā of 3 ráéis are (685), (1186), (1370) 


Their squares are (4, 69, 225), (14, 06, 596) 
and (18, 76, 900) 

Substracting kranti jya squares from jya 
squares, we get (24, 85, 736), (74, 61, 888) and (99, 
42, 944). 


Square roots of these results are 
(1576/37), (2731/39) and (3153/15) 


They are multiplied by trijya (3438). Products 
are (54,20,408), (93, 91, 413), (108, 40, 873) 


They are divided by respective dyujyas 
(3369), (3227), (3153) 

Results are (1609), (2190) and (3438) 

Their arcs are (1675), (3471), (5400) 

Rising time of mesa - 1675 

Rising time of vrsa - 3471-1675 - 1796 
Rising time of mithuna - 5400-3471 - 1929 


These are better approximations for modern 
values for 23°27’ inclination of equator. These are 
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based on 23'30' declination and old siddhantas 
assumed 24°, Comparison is given below 


rasi in asu in in Siddhànta values 
old siddhanta Darpana Asus Minutes 

Mesa 1670 1675 1675 1117 

Vrsa 1795 1796 1794 119.6 

Mithuna 1935 1929 1931 128.7 — 
Lanka rising time for all rasis (Siddhànta 

darpana) 

Value rasis rá$is raSis rasis 

1675 (1) Mesa (6) Kanya (7) Tula — (12) Mina 

1796 (2) Vrsa (5) Simha (8) Vrscika (11) Kumbha 

1929 (3) Mithuna (4) Karka (9) Dhanu (10) Makara 


(2) Derivation of rising time formula for 3 rasis 


Figure 8 - Rising times of raSis at equator 


Figure 8 is horizon circle of equator in which 
E, N, W and S are the points in east, north, west 
and south. 


WOE is equator circle 
K’OK is ecliptic projection 
O = Vasanta sampata (or vernal equinox) 
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N is also direction of north pole of earth. 
Daily rotation of earth is along circle WOE, the 
time in which OE part of equator rises, is the time 
of rise of OK part of ecliptic also. But rising time 
of the whole equator circle 360° is 1 nakSatra dina 
(sidereal day) which is equal to 21,600 asus by 
definition. Hence rise of 1 kala on equator will 
take 1 asu. Hence length of OE in kala will give 
the rising time in asu which is rising time of OK 
part of ecliptic also. 

OEK is a spherical triangle in which LOEK l 
is right angle, ZEOK is angle between equator and 
ecliptic-which is maximum value of sun's krānti. 
EK is kranti of point K, arc OK is sayana raéi of 
point K measured from equinox point O. OE is its 
length measured on equator (visuvan$a). 

Hence as per Napier's rule - 

Cos KOE - tan OE X cot OK 
cos(parama kranti) 


or tan OE = Z PR 
cot (sáyana rasi) 


- - (1) 
For finding values in R sines (jyàs), relations 
in spherical triangle NOK, 
SinNK _ SinOK 
sin NOK — sin ONK 
But Z ONK = arc OE 
SinNK sin OK 
Hence ENOK ~ SinGE 
sin OK x sin NOK 
sin NK 
Here OK = sayana value of K 


or Sin OE = 
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4 NOK = ZNOE - 2 KOE = 90'- Parama . 

kranti of sun : 
Hence Sin NOK = cos (parama kranti) = - 

Dyujya of 3 rasis i 
(because cos (kranti) = Dyujya) 
Sin NK = Sin (NE - KE) = Sin (90° - kranti - 

of K) UT us 

= cos (krànti of K) = Dyujyà of K 

Thus Sin OE 

_ Sin (sāyanaK) x Cos (Parama kranti) 


cos (kranti of K) set) 
Allernatively it is, Sin OE 
_ Sin (sayanaK) x Dyujyà of Parama kranti G) 


Formula (3) has been given in the next verse. . 

In spherical triangle KOE | 

sin KE sin OK 

sin KOE sin OEK 
sin 90' 21) 

Thus in formula (2) 

Sin OE 


z Sin OK x 


- sin OK (as sin OEK - 


V1 - Sin KOE 
D yu jya of K 


sin OK V, _ (sin Ke)” 
| sin OK 
K jya 


= V sine OK - sin? KE 
K dyujyà 
V(R sin Ok? R sin KE)? : 
R si E= VR sin Ok) — (Rsin KEy . NNCOME 
or R sin O Dyujya of K x R...(4) 
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This is the formula described in this verse. 

(3) To prove that rising times of 4th to 6th 
rasis are equal to those of 3rd to Ist rāśis in reverse 
order - 

Equation (3) above tells 
sin OK X cos (Parama kranti) 

cos (KE) 

OE = rising time or length on equator in kala. 

OK = sdyana rasi of K, KE = Kranti of K.- 

Sin 0 = Sin (180'- 0) 

Hence Sin (180° - OE) 

; Sin (180° — OK) x Cos (parama kranti) 

cos KE. 

Rising times of 90° at equator or ecliptic are 
same i.e. when OK = 90°, OE == 90°. 

For rising time of mithuna (60°-90°), we 
substract the rising time of 60° from 90° time (6 
hours = 15 danda = 5400 asu). 

Rising time of 180° also is equal on both circles 
as it is equal for every 90°. Hence, rising time for 
karka (90° to 120°) is found by substracting the 
time of rising time of 3 rasis from 120° time. 

Now, when OK = 60°, OE is rising time 
(slightly less than OE) 

_ When OK = 120° = 180°-60°, its rising time 
180° - OE NE ; 
Hence rising time-of Karka = (180°-OE) - 90° 

- OE = rising tire of mithuna. 

Similarly we can prove that rising times of 
Simha, vrsa and kanya, mesa are equal. 


Sin OE - 


" 
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The rising times of rāśis from mesa to kanya 
are equal to tulà to mina in reverse order for all 
palces, not only on equator. So this result will be 
proved when rising time at other places is 
calculated. This is evident because both the ecliptic 
and equator circles bisect each other, hence other 
half 180° to 360° is similar to 180° to 0°. 


Verses 127-128 : Alternative method for rising 
times at equator 

Dyujya of 3 ra$is (3153) is multiplied separate- 
ly by jyà of 3,2, 1 rà$is (3438/2978/1719). Results 
(10,840,014), (93,89,634), (54,20,007) are divided by 
dyujya of the raSis (3153, 3227, 3369). Arc of the 
resulting ratios treated as jyà is found (5400, 3471 
and 1675), which are rising times .of 3, 2 and 1 
rá$is. 

Rising time of 2 rà$i is substracted from 3 to 
give time of 3rd rasi. Time of 2nd rāśi is time of 
Ist rasi deducted from rising of 2 rāśis. Rising time 
of Ist ra$is is already known. 

Notes : This method has already been proved 
in previous verse. 


Verses 129-130 : Rising times at different parts 
of sky. 

Rising times of six ra$is in asu or prana have 
already been stated as (1) 1675 (2) 1796 (3) 1929 
(4) 1929 (5) 1796 and (6) 1675. (These have been 
calculated for rising on east horizon on equator). 
The rising time of rāśis for other points (on the 
east west vertical circle) are also the same. These 
points are udaya (east horizon), Asta (seetting point 
in west horizon), Da$ama (Tenth house or vertically , 


Corrections to Moon 367 


upward point), Caturtha (fourth or vertically down 
wards). 

Note : This is because all quadrants are same 
on both circles. 


Veerses 131-142 : Lagna at any place - 


To find out rising times of rasis at other 
places, we find out the cara khanda of first three 
rasis as per formula described for that place. These 
cara khandas are deducted from first and last 3 
rasis in that order and are added to the three rāśi 
from karka and in reverse order to three rasis from 
tula. Addition and deductions of carakhandas is to 
the rising times of rasis at Lanka (both in asu or 
prana). These give the rising time at other place. 
for which carkhanda had been calculated. 


According to rough calculation, whatever rāśi 
is rising in east horizon, its seventh rasi (180° 
away) is setting in the west. 


Rising times for each hora (1/2 rasi = 15°), or 
dreskana (1/3 rasi = 10°) can also be calculated in 
same manner. For that kranti and dyujya is 
calculated for each half or 1/3rd rai, hence it will 
be more accurate, than rising time for ra$is. 


Ayanaméa is added to sun at sunrise time 
position. Lapsed and remaining parts in the 
incomplete ràái of sayana sun is calculated. Remain- 
ing degrees of the rasi are multiplied by rising 
time of full rāśi and divided by 30. This gives 
rising time of remaining part of that incomplete 
rá$i. This is substracted from desired time interval 
after sunrise (called ista kala). From the remainder, 
rising times of next ráóis in sutcessive order are 
deducted. Last remainder from which rising time 
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of next ra$i cannot be deducted - is multiplied by 3 
30 and divided by rising time of the next ra$i. This: 
result in degrees etc. is added to the completed ; 
rasi which has risen. This gives sayana lagna. : 
Ayanàmáa is deducted from this to give the lagna n 


for required time at desired place. 


When fractional rising time of remaining raéi 


of sayana sun is more than ista kala, the same 


sayana lagna will continue to rise at ista kala. This. 


remaining rising time is multiplied by 30. and 
divided by rising time of sayana sphuta ravi (or 
roughly by rising time of that ra$i) Result in 
-degrees etc is added to sayana sphuta sun and 
ayanaméa is deducted to find sphuta lagna. 


To find the moment when a particular lagna 
will rise, ayanàméa is added to it. Its lapsed part 
in incomplete rasi is multiplied by rising time of 
that rasi and divided by 30. This is lapsed rising 
time of the fractional rasi. To this, we add the 
rising time of remaining fraction rasi of sayana sun 
at sun rise time, and the rising times of next 
completed ráéis upto the completed rāśi of sáyana 
lagna. The grand total will be ista kala after sunrise, 
when the desired lagna will rise. 


Figure 9 - Rising times of rá$is at places other than equator 
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Note : (1) Rising times for a place of latitude 
@ NESW is the horizontal circle at desired place 
of latitude $^ north. (fig. 9) 

P is the north pole in sky : 


O is vernal equinox point. WOE is equator 
circle, KOK’ is ecliptic circle. EC = Cara of K which 
is below horizon. 


When point O is rising on east horizon, 
sayana 0° of both ecliptic and equator are rising. 
When K point of ecliptic rises on horizon, E point 
on equator also rises. 

Hence, rising time of OK in asu is same as 
that of OE. The polar circle PK passing through 
K meets OE extended at C which is below horizon. 
Thus OEC arc is the rising time at equator for 
point K. Hence rising time at 0° North is found 
by deducting EC from rising at equator. EC is the 
cara-kala for point K. 

Thus rising time = Equator rising time - 
carakala. 

Cara jya = R tan $ x tan 0 

where 0 is kranti of K. It has already been 
proved after verse 103 

For mesa rasi, OK = 30° 

Krànti of K is KC 

Carajya = R. tan KC X tan $ = EC 


Rising time OE - OC - EC 

This holds good for mesa to mithuna i.e. 0° 
to 90°. For karka rasi, OK = 120°. Then kranti of 
K is same as of vrsa ràsi i.e. KC is same. Hence 
EC is also same as for 60° (vrsa). 


Hence rising time of karka - OE - OC - CE 
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=(Rising time. of 3 rāśis + karka) - cara of 
Vrsa 
= (Rising of 3 raéis-cara of 3 ráói) + karka + 
(cara of 3 rāśi - cara of vrsa) 
= (rising time of 3 rāśi at $ lat) * karka + 
cara of mithuna i 4 
Hence extra rising time for karka = taka 
rising at equator + mithuna cara. 
Similarly cara of vrsa is added to simha, and: 
mesa cara is added to kanya rising time at equator. . 


E 


S 
Figure 10 - Rising times for tulà to mina 


(2) Rising times for rãśis tulà to mina - The! 
figure 10 for 2nd half of ecliptic is same but the! 
difference is that the two circles after crossing each! 
other at autumn eqiunox O, have reversed their 
positions. K'O part of ecliptic which was above; 
equator till 180° at O sayana, goes below equator} 
after O at OK i.e. after sayana tulà. Hence, tulá; 
to 3rd raéi from it, cara portion CE is to be added’ 
to the rising times at Lanka. Thus tulà rising tive: 

= tulà time at equator + cara of Ist 30° (mesa). 
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This is same as rising time of kanya as proved 
in previous section. 

Similarly times of vrécika and sirnha are same 
and so. on in that order. an 

(3) Calculation of lagna - OE is east horizon 
at sunrise time and OF’ is its position at ista kala 
after sunrise. Ai, Ao, A3 - - - A7 are successive 
positions of starting of ráéis. (fig. 11) 

At sun rise time, point E is on east horizon 
and lagna, and sun also is rising at E. Hence, at 
sunrise, rasi of sun and lagna is same. The rising 
time of E’ is the sum of rising times of EA2 
(remaining part of fractional rá$i A1A2) then rising 
of complete ragis A2 A3, A3 A4, A5 Ae and then 
lapsed part of fraction rāśi Ag E'. 

Al E A? A3 


Figure 11 Calculation of Lagna 
Within a rasi the rising times can be con- 
Sidered as proportional to the parts, hence 
Rising time of E A2 degrees of EA 2 
Rising time of A; A; 30' ofA; A2 - 
Similarly rising time of completed part Ae 


E'can be calculated as fraction of rising time of raéi 
AsA;. 
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Since the rising times are not proportional to 
rasi length (mesa rising is much faster than vrsa 
for example) this calculation will be more accurate; 
if rising times of smaller parts like hora = 1/2 rà$ 
or dreskana = 1/3 ra$i are calculated. 


Verses 143-151 : Rule for finding dà$amd 
lagna : Madhya lagna or tenth lagna (vertical tors 
position) is found by rising time of rasis at equatog 
only for all places. (Because south north line bisects! 
the diurnal circles at all places and corresponding} 
times are same at any place and equator). : 


Before mid-day, the period for which sun will 
remain in east is called nata kala which is desired! 
time before mid day. 


Nata kala in east direction is expressed in asu. 
From this, we deduct the equator rising time o 
completed part of sayana sun rà$i. From remainder; 
the equator rising time of previous rāśis is 
substracted successively. Last remainder is divided; 
by equator rising itme of next rāśi (whch cannot 
be deducted from remainder) and multiplied by 
30. Result in degrees etc is substracted from 30". 
This is added to the previous ra$i which becomes 
sayana madhya lagna. Spasta madhya lagna is 
found by deducting ayanaméa. 

r 


When nata kala is west, the time passed afte: 

mid day is nata kàla. From this we deduct thej 
fractional rising time of sáyana sun at equator.| 
Then rising times of next rá$is are deducted. Last, 
remainder is divided by rising time of incomplete: 
rasi and multiplied by 30. Result in degree etc. i$: 
added to completed rasis to give sayana madhyaj 
lagna. From this, ayanamáa is to be deducted. 
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When in parva or pa$cima nata, nata kala is 
less than the rising time of fractional raéi (lapsed 
or remaining, then nata kala is divided by rising 
time of the rasi and multiplied by 30. Result in 
degrees etc is. substracted from sàáyana ravi for 
pürva nata and added to it for paócima nata. 
Sphuta sayana sürya at Hicdey s is the madhya 
lagna at that time. 


Figure 12 

Notes : (1) Figure 12 is the vertical circle of 
any place O. E and W are east and west points. 
T is the top most or vertically upwards point. D 
is opposite to T and down ward point. Earth is 
rotating in clockwise direction, hence ecliptic 
appears moving in anti clockwise direction - shown 
by arrow. 

Movement of ecliptic is not in this plane and 
only its projection is considered. At sunrise time, 
its projection will be at E which is not at 90° from 
D, it is upwards for north latitudes when kranti 
Of sun is south. ETW is the day position and WDE 
is night portion of sun. DET is position of pürva 
Nata (mid night to mid day) and TWD is paácima 
Nats. Vertical point T is same for all places, because 
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apparent rotation wil be paralel to equator. Hen $ 
rising times at equator are taken. ud 


For a position of sun at A in pürva nata, the j! 
tenth lagna is lagna at point T. P,P - - - Pe at 
the start of successive rasis which will rise one; 
after other in clockwise direction. Thus the rāśi 7 
sun at A will reach T after travelling AT portion 
Current rasi at T is less than A. For point B or B': 
at pa$cima nata, ra$i at B has aleady risen at T: 
hence current rá$i is more than sun's raéi at B.' 
Position of sun at A or B indicate the time. 


Thus, for pürva nata of sun at A, tenth lagna ; 
at T is = A - APs - PsP, - PaT 

For pa$cima nata, Sun is at B, tenth lagna at, 
T is = BP; + P;P, + P; T. 

For calculation of rising time of part rasis, the 
rising time is considered proportional to degrees: 
within the rasi which is roughly correct. 

Verses 152-153 - Rising time of Nirayana rasis 
- when ayanàmáa is moving eastward, we take the: 
difference of rising times of desired ràa$i (sayana 
value) and next rai, it is multiplied by ayanamáa 
and divided by 30. If rising time of next rà$i is 
more, then the result is added to rising time of 
sáyana rà$i to get the rising time of nirayana raéi. 
If next rising time is smaller, it is substracted. 

When ayanam§a is moving west wards (which 
is not the current position), we take the difference 
of rising times of the desired rāśi (sayana value) 
and the rising time of previous rà$i, it is multiplied 
by ayanamáa and divided by 30. If the rising time 
of previous rasi is more, result is added to sayana 
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rising time to get the rising time of nirayana rāśi. 
If previous rasi time is more, it is added. 

Notes : Method is obvious. Since ayana is 
moving east wards, sayana rà$i is more. Hence, 
rising time of nirayana rasis wil be found by 
comparison with the next rasi. Assuming ayanāmśa 
of 23°, nirayana mesa 0° = sàáyana mesa 23°, 
nirayana mesa 30° = sàyana mesa 53°. Hence we 
have to find the rising times at 23° and 53° at 
sayana value, and their difference is rising time 
for mesa. 

Verse 153 - When ayana (ecliptic) is moving 
west wards (from point of equinox) then rising 
times of cara rasis (1, 4, 7, 10th raSis) is same for 
sdyana and nirayana values at equator. At other 
places also rising times of mesa and tulà will be 
same for sayana or nirayana values (Their previous 
rasis have same values). 

When ayana (ecliptic) is moving east from 
equinox point, then dvisvabhava rāśis (3, 6, 9, 12th) 
rasis have same sáyana and nirayana rising times 
at equator. At other places, only the 6th and 12th 
rasis have same rising times for sayana and 
nirayana (as the rising times for next rāśis are 
same). 


Verses 154-156 : Rising times for Orissa (22°N) 
and equator 
Rising times for sáyana rà$i at middle of 
Utkala (22°N) in danda pala etc are as follows - 
mesa (3/56), vrsa (4/24), mithuna (5/7), karka 
(5/37), siha (5/34), kanya (5/22). For second half 
circle starting from tulà, values are in reverse order. 
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Udaya times for 22° Ayanamáa - for nirayana:. 
rasis are 

mesa (4/17), vrsa (4/56), mithuna (5/29), karka 
(5/35), siha (5/25) kanya (5/22), tulà (5/31), vrscika 
(5/36), dhanu (5/15), makara (4/35), kumbha (4/3), 
mina (3/56). 

Nirayana rising times at equator are mesa’ 
(4/54), vrsa (5/16), mithuna (5/22) karka (5/35), simha 
(4/44), kanya 4/39), 

Values from tulà etc will be in reverse order. 
There values will change with change in ayanàmáa. 


Veerses 157-160 - Values and Charts 


Values of 28 nakáatras have been stated here 
according to sages like Garga and Va$istha. Extent 
of rasis (30^) is clear. Dhruva (constants) have been 
stated in liptà approximately. Motion of pàta of 
equator and ecliptic also have been given in 
appendix for 73 values of days. From them, 
ayanaméa for any day can be calcualted. 

Motion of pàta of equator and ecliptic in a 
day is liptás etc 0/0/31/32/51/35/6/53/28/23. 

On first day of kali, visuva sampata was 702 
liptas from fixed mesa 0° (towards east). 

In Karanabda beginning, kranti pata in rāśi 
etc. (for 1869 AD) was 3/16/33/47/27/40. 

To find out the ayanamáa since kali beginning 
easily, we find the years since kali beginning 
according to madhyama sürya. (219/19) is deducted 
from it. Result is multiplied by 100 less (i.e. 2416) 
and divided by 2516. We get result in kalas. By 
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dividing with 60.we get degrees. Hara of 54° is 
substracteed from it. 

. Notes : (1) Kranti pata and ayanāmśa are 
considered. same thing. But in terms used in the 
book, kranti pata always moves in reverse direction, 
making complete circles of 360°. But ayanaméa is 
3/10 of its bhuja calculated according to quadrant 
of the krànti. 


Kranti at kali A NE can be calculated by 
multiplying kalpa bhagaņas by. 1811 and dividing 
by 4000. (chapter 3, -verse 51). Thus bhagaņa at 
kali beginning l 

= 640170 X” pu = 2,898,36. 9675 revolutions 

This is 0.0325 revolutions less than complete 

revolutions. 


Since pata in moving in backwards direction, 
it is 0.0325 east of 0°. Thus Kali position is 0.0325 
revolutions = 0.0325 X 360° X 60 lipta = 702 liptas. 


One revolution is in 432 crore years of kalpa 
divided by 640170 revolutions i.e. 6748.207507 
years. l 
Hence pata will come to 0° in reverse motion 
in , 

6748.207507 


assi iras 2 
360 x 80 ^ 


: 19 
= 219 z Years approx. 


Hence revolutions at kali beginning are 
counted from 219/19 yeears after kali (position of 
0°). In Karaņābda 4971 years had been completed 
since Kali. In about 3374 years half revolution will 
be complete in 3374+219 = 3593 kali year. Remain- 
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ing years are 1378 years in which less than. f- 
_ quadrant will be covered. Thus with reverse motion: 
pata crossed 4th and 3rd quadrants in half cycle “ 
and is now in 2nd quadrant at the end of which : 
(i.e. at end of Ist quadrant in forward motion), : 
kranti will be 90° correspondign to - 90° pata or : 


+ 27° ayanamáa. 


By this method the Karanabda pāta is about ` 
3 Y 16°34 approx. Ayanamáa is less than 3rd raái ; 


position of 27° by 16°34’ x 3/10 ie. 27°-4°58.2’ = 


22'l' approx, which is given at the end of verse í 


(2) Ayanàmáa = (y-210/19) X 2416/2516 Kala X 
1/60 degrees. l 

219/19 years are deducted because, in that kali 
year kranti pāta and ayanāmśa were zero. As the 
ayanāmśa had become zero after 1/2 revolution of 
krānti 27°X2 = 54° movement of ayanàmáa in 2 
quadrants, this amount is substracted, called hāra. 
Movement per year in kalà = Ae xw 

Ee 6748.207507 

= 0.960255 Kalà' 
0.960255 X 2500 = 2416.0016 
Hence annual movement of ayanamSa = oe Kalas . 
Thus we get the formula. 


Verse 160 - Charts have been given in 
appendix for Jyà (R sine) for 24 khandas of 3 rāśis 
beginning from mesa, kranti in kala, semi diameter 
of diurnal circle, carkhandas in asu for Purusottama 
KSetra (Puri), rising times of ra$i at equator in asu 
and udayàntara phala in asu for convenience of 
students. Intermediate values can be known by 
proportional increase. 
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Verses 161-162 - Prayer and end - 


Supreme lord had directed Brahma to create 
grahas for knowing the earned karma of previous 
births and fate in the present birth. Brahma, in 
turn, regulates motion of planets through Sighra, 
manda, pravaha, pàta etc. The same supreme Lord 
Jagannatha has created Purusottama KSetra for 
emancipation of beings. I pray that Lord Jagannatha 
living at Nilacala. 

Thus ends sixth chapter describing kranti, 
accurate sun and moon etc in Siddhanta Darpana 
written by Sri CandraSekhara born in a bright royal 
family of Orissa, for purpose of educating students 
and for tally in calculation and observation. 


Chapter -7 | 
THREE PROBLEMS OF DAILY MOTION. 
(Triprasnadhikara) . 
1. Scope - There are three problems regarding 


daily motion of earth, or rather it is used to find 
their answers - 


(1) Place - Longitude or Latitude can be 
determined from daily motion. Both are needed to 
find the location. of a place, specially in sea journey, 

-when there is no other land mark for identification. 


(2) Direction - North south direction can be 
measured roughly by a magnetic compass also, 
which gives other directions also. But this causes 
a lot of errors, because magnetic north pole is 
different from geographical north pole, which is 
on the axis of earth’s rotation. In addition, there 
are local and general magnetic disturbances. Ac- 
curate method of finding the directions is only by 
astronomy, whether on land or on sea. 


(3) Time - Measurment of time intervals are 
most accurate now with quartz watches for common 
use and most accurate laser and atomic watches 
for scientific use. However, that gives average 
standard time. True or apparent time can be found 
only by inclination of sun from vertical position. 
This is related to measurement of longitude also, 
as simultaneous measuring of time through sun at 
two places will be different, the difference depend- 
ing on longitude. Thus time difference or lon- 
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gitudinal difference can be calculated from each 
other. 


Siddhànta Darpana has treated this chapter 
in briefest manner and one of the vital use i.e. 
measurement of longitude has been left out. It has 
been explained roughly for purpose of making 
desantara correction in madhya graha in chapter 
4. One reason of such neglect is that use of 
astronomy for navigation had ceased for Indians, 
who had lost the traditional excellence. This doesn't 
mean that astronomy is not needed for this purpose 
now. Even in modern astronomy, exactly the same 
methods are used for finding directions, place and 
time. With use of telescopes, their accuracy has 
increased, but formula is same. 

Another reason for leaving some topics has 
been stated by the author that many more methods 
have been explained in detail by Bhaskaracarya, 
whose book is most popular. Hence they need not 
be repeated. Before explaining individual methods, 
it will be useful to give a general idea of various 
right angled triangles used for calculations. 


(2) Latitude triangles 


For calculation of 3 problems, some convenient 
right angled triangles are formed, whose one of 
the angles is latitude or ak$am$a . Hence they are 
all called latitude triangles or ‘aksakSetra’ in Indian 
astronomy. The other angles of such triangle are 
obviously 90° - ¢, and 90° as it is right angled 
triangle. 90° — @ is called colatitude or lambàmáa. 
The side facing angle $ is called base (bhuja or 
bahu), side. Facing 90° — $ is upright (koti) and 
the side facing right angle is hypotenus (karna). 


dU l Siddhanta — 
The radius R of the celestial sphere is assumed t. 
be 3438 or, more correctly 3437/44" (which is value E 
of one radian). 3 


(1) Let S be the sun (or any other heavenly 
body) on the celestial sphere at any given time, 
SA be the perpendicular dropped from.S on the: 
plane of the celestial horizon, SB the perpendicular . 
dropped from S on its rising setting line and AB 
the perpendicular from A on same line RT. (R is 
rising point on horizon and T is setting point). 

OS = R, altitude of | 
S is Z SOA = a. Hence 
height of S - SA 
= R sin a is the Sanku. 
‘SB (hypotenus) is called 
‘Istahrti’. It has beenw 
called 'dhrti', 'svadhrti' ; 
Istadhrti’, ‘nijadhrti’ etc. 

AB is called 
'éankuntala' e or 
'$ankvagra' 


Figure 1 


4 AS B = $, hence AASB is a latitude triangle. 
In this 


Base upright Hypotenus 
Sankutala Sanku or R sin a Svadhrti or Istadhrti (1) 
(2) When S is on prime vertical, SA is called 
sama - Sanku’ AB ‘agra’ and SB 'samadhrti' or 
tad-dhrti'. 
Base Upright Hypotenus 
Agra Samasanku taddhrti - - - (2) 
(3) When S is on prime vertical, then if a 
perpendicular AC is dropped from A on taddhrti 
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SB, two more latitude triangles ACB and ACS are 
formed, AC = R sin 6 where 6 is declination. CB 
is called earth sine (ksitijya), kujya, Bhüjya or 
mahájivà etc.) SC = taddhrti - kujya 


Base Upright Hypotenus. 
Farth sine R sin ô Agra - - - (3) 
R sin Ô taddhrti . . Samaśańiku - - - (4) 


(4) When Sun is on the equator and S its 
position on the celestial sphere at midday, SA is 
perpendicular on the plane of celestial horizon and 
O is centre of the celestial sphere, then SAO is 
again a latitude triangle. Then 4 OSA = $ 
Base "^ . Upright l Hypotenus 
R sin $ R cos $ R---(5) 

(5 When Sun is on the equator, then at 
midday, the gnomon, (a vertical pillar of 12 unit 
length called $anku), its shadow  (equinoctical 
midday shadow - palabhà, ak$abhà, palacchaya 
visuva chàyà etc.) and hypotenus of the mid day 
shadow(called palakarna, pala$ravana, akSkarna, 
ak$aéruti etc.) also form a latitude triangle. This is 
called fundamental triangle and has been explained 
in previous chapter for calculation of lagna, day 
time etc. 


Base - Upright Hypotenus 
Palabha gnomon or 12 palakarna - - - (6) 
Then there are two altitude triangles for sun 
Base _ Upright Hypotenus 
(1) Sanku ^ drgjyà or 
(R sin a) natajya Roncea (7) 
(R sin Z) 
(2) Gnomon or 12 shadow Hypotenus of - - - (8) 


shadow 
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(3) When the sun is on the meridian, $anku 
is called *madhyas$anku' or madhyàhna $anku'. 
Shadow is called ‘madhyahna chaya karna’. 

(4) When the Sun is on the prime meridian 
(Samamandala), $anku is called sama $anku, 
shadow is samacchaya and hypotenus of shadow 
is samacchaya karna. 


Translation of the text 


Verse 1 - Scope - For happiness and benefit 
of the people, I begin this chapter named ‘triprasna’ 
which will give knowledge of dig (direction), desa 
(location) and kala (time) in simple language. 


Verses 2-5 : Finding the cardinal direction 


To determine the directions, a place is made 
plain like a surface of water. It is cleaned and a 


circle of semidiameter 24 angulas is drawn. At: 


centre a Sanku of 12 angula height is kept. 


Shadow of $anku will touch the circle twice ; 
(when its length is 24 angulas). Both points on : 


circumference are joined by a line and with each 


point as centre, circles of 25 angula radius is drawn. ` 


Both the circles will intersect at two points 
and common parts of circles between them will 
form a fish shape. The points are like mouth and 
tail of the fish. The line joining them will be north 


p— P: 


south line which will be perpendicular on the line : 


joining shadow position between first and second 
chaya. Krànti movement is negligible and is 
ignored. 

North south line will cut the circumference 
on two points called north and south points. A 
perpenducular on that line at the centre will cut 
the circle in east and west points. For finding 
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angular directions, arcs between east, north, west 
and south are bisected. 

Notes (1) Types of Sanku - Bhàskara I in his 
commentary on Aryabhatiya has described the 
following views 


Some astronomers prescribed a gnomon 
($anku), whose one third in bottom is in shape of 
a prism on square base (caturasra), one third in 
middle in shape of cow’s tail and one third in the 
top in shape of spear head. 

Some other have prescribed a square pris- 
moidal gnomon. 


The followers of Aryabhata I, used a broad 
(prthu), massive (guru) and large (dirgha) cylinderi- 
cal gnomon, made of excellent timber and free from 
any hole, scar or knot in the body. 


For getting the shadow ends easily and 
correctly, the cylinderical gnomon was surmounted 
by a fine cylinderical iron or. wooden nail fixed 
vertically at the centre of the upper end. The nail 
was taken to be longer thanj,the radius-,,of the 
gnomon, so that its shadow was always seen on 
the ground. 


(a Height of gnomon - 


Gnomon could be of any length, but its height 

Was divided into 12 units by convention. Smallest 
Was gnomon of 12 angula length, because it was 
Portable and easy to handle. (about 9.8" - 24 cm). 
hatever may be length, it was called 12 angula 
marked by 12 equal division which will be clearly 
Seen in the shadow. Angula also was divided into 
60 Pratyángula for accurate measurement. It may 
* mentioned that accurate measurements . were 


es 
cA c 
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this indicated or marked (like a flag or dhvaja) he 
position of sun (Visnu) it was called visnu-dhvaja;3 
Its arabic translation means the same thing, Kutu! i 
means north south direction (Kutub-numa= comi j 


that purpose. 


(b) Testing the level of ground 


Test prescribed by Bhaskara I, Govinda and 
and Nilakantha is - ; 


a continuos flow. Where the water falling on th 4 
ground spreads in a circle, there the ground is inj 
perfect level. Where water accumulates, it is low? 
It doesn't reach at high level. E. 


The same principle of ^water level' is used for] 
modern levelling instrument. A long hollow glass? 


in it, when the cylindrical rod, in kept on leve i 
ground, along the length touching the surface; 
bubble is at centre. The other side of length to § 
kept on ground is made flat so that it doesn't rollt 
(c) Preparing the ground - E 

Ground should be plastered - so that it is not$ 
destroyed by pressure of walking, wind or rains. 
A prominently distinct circle was drawn with centr 5i 
as centre of base of sanku. This line also had 
permanent or indelible marks by groove Qr per 4 
manent marks. Sankaranàráyana (869 AD) tells that; 
lines were drawn with sandal paste. This may bes 
because sandal was available in his area. 3 
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Verticality of $anku was tested by means of 
plumb lines (lambaka) on 4 sides. 


It seems that fixed length compasses were 
used for drawing circles. This will be conventient 
for bigger circles. and length of radius will not 
change in process of drawing. Hence, the radius 
has always been indicated as fixed. This is not 
necessary for finding perpendicular bisector. 


(2) Cardinal directions : 


Let ENWS (figure 2) be the circle drawn on 
the ground where gnomon is set. Let Wi be the 
point where the shadow enters the circle (in the 
forenoon), and E; the point where the shadow 
passes out of the circle (in the afternoon). Join Ei 
and W,. Line E,W. is nds from east to west. 


Figure 2 - Cardinal directions 

Its perpendicular bisector is found by drawing 
two arcs of equal radius greater than 1/2 E,W). 
This can be any length greater than this, 25 angula ` 
radius prescribed here meets the condition. A fish 
figure is formed with N; and S, like mouth and 
tail point of the fish. Since E; Wi was east west, 
its perpendicular bisector NiS; will be in north 
south direction. N:S, being bisector of chord EiWj, 
it will pass through the centre O and meet the 
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circle at points at N and S indicating north and. 
south. Line EW parallel to EjW; through centre O: 
will mark east and west points E and W on the 
circle. 


Angle points Aj A» A3 and A, bieen 
cardinal directions can be found by bisecting arcs: 
EN, NW, WS and SE. i 


As the sun moves along the iint dts 
declination (kranti) changes. By the time shadow 
moves from OW; to OE;, the sun traverses some 
distance of the ecliptic, and its declination changes 
(though very small) Hence, EW is not he true 
position of east west line. This minute correction: 
was described first by Brahmagupta (628 AD), 
Bhàskara II (1150), Sripati (1039 AD) etc. As the 
correction is very small, this method is good for 
practical purposes. 


Figure 3 
(3) Correction for Kranti change - 


From the east west line ew found as above, 
we make a circle with ew as diameter (Fig 3) Let 
d = correction in ew for change in kranti. 
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® = latitude of the place 


ô= declination of sun when shadow tip enters 
the circle in forenoon at W 


ò = Sun’s declination when shadow üp leaves 
the circle in afternoon at point e. 

K = chàyà karņa l 
K (sind = sin dy 

cos ~ 

To apply this correction, a circle with radius 
d is drawn with e as centre which cuts ew circle 
at e’ towards north when sun’s ayana is towards 
north (as shown in the figure). e' is south from e . 
if sun's ayana is towards south. Now e'w is the 
correct east west line. 


This figure is for situation when sun is having 
south kranti with respect to the place, so that 
shadow end is in north part. The south krànti will 
decline in north ward motion of north ayana, hence 
will be at lesser distance in north direction 
compared to w. Thus e' is north from e. 


Then d = 


Derivation of formula : 


Assuming constant declination, w and e points 
have equal shadow lengths, hence their directions 
Ow and Oe are inclined at equal angles from ON 
direction. 


It will be proved that K Sin ó/Cos is the agra 
or the distance of shadow from the east west line 
passing through mid day equinox shadow end. 
Hence the change in north south position will be 
difference in the agras at places e and w. 


Hence this was named agrantara correction 
by Caturvedàcárya and then accepted by Sripati. 
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Unfortunately, derivation of this formula is: 
not possible without use of spherical ORIGO 
in celestial triangles. Three dimensional diagrams.‘ 
are difficult to make on paper, they are approximate i 
indications only. ; 


Figure 4 (b) Figure 4 (c) E 
Fig 4 (a) is yàmyottara or meridian circle ; 
NPZS. (half circle over horizon), SEN is horizon. 
showing south (S), East (E) and north (N) points.: 
Z is vertical and P is pole of equator EQ. Hence | 
ZQES = NP = ¢ = latitude of the place. In north 
kranti, sun is moving in a diurnal circle R X V 
parallel to eequator towards pole P. In south krànti: 
its position will be like R'V'. At a position X of. 
sun, its kranti is distance Q’ from equator measured . 
along great circle passig though P. i 
Hence PX = 90°— 6. Distance of sun from Z 

is measured along great circle Z X B = ZX = 
Figure 4B is the direction circle with Sanku at 
O in which WE and NS are direction lines. R is 
the palabhà position on equinox mid day. DD’ is 
east west line through it. At any instant OS is 
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shadow. Its distance from east west line WE is 5M 
called agra jyà. Thus agrá is the angle a between 
east horizon E and direction X of sun in a circle 
through vertical. Thus a = E X arc or 4 EOX = 
Z4 SOM. In Fig 4(a) it is EB arc. on horizon circle 
(This direction along polar circle is kranti) 

Bhuja of chaya = SM = OP = OS Sin a 

SC = Distance of shadow end from DD’, east 
west line on equinox day = Karna vrttagra. 

In APZX, 

Cos (90°- ô) = cos (90°- p) cos z + sin (90°-¢). 
sin z cos (90°+a) 

where, Z PZX = 90° +a 

or, Sin 6 = sin $ cos Z + cos ¢. Sin Z. Sina. ` 


© K 
Multiply both sides by eos where K is 


shadow length = V122 + g , 12 is $anku and S 
is shadow. Then 


K sin ô : , ‘ 
= K Cos z tan @ + K Sin z. Sin a - 
cos 0 
-- (1) 
But K Cos z = 12, K sinz = S - - - (2) 


from figure 4 (c) 
chaya bhuja b = S Sin a already shown 


Hence b = K sin z. Sin a - - - (3) 
K sin 6 
Thus ———— = 
USO 12 tan $ +b 


But 12 cos ¢ = palabha = § = equinoctical mid 
day shadow (OR in fig 4b) 
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K sin 6 z 

os 0 3 

When Sun is on horizon, ER is agra A in fig? 


Hence =stb--- (4) 
i 

4(a). 
In A PRN (ZPNR = 90°) 
Cos (90° - 6) = Cos ¢ Cos (90° A) 
or SinA = - 


sin 0 
rem .... (5) 


This agra Jyà is in a circle of radius R. 1 
Reducing it to circle of radius K it is called LA t. 


K sin 6 
= K Sin A = 
cos $ 
Thus a = s + b- - - (6) 4 
In the figure 4(b) Karnagra is M of s E 
and b i.e. Karnagra SC = PR = PO-RO = s- b f 


Sum or diffrence depends on opposite or same: 4 
direction of shadow bhuja and palabha. 

K (sin dé’ — sin 2) NC 
cos $ 
ference of two shadows in north south directions] 
by which they should be corrected to make its! 
ends in true east west direction. E 


Thus the formula s dif- 


(4) Alternative methods : 
Vate$vara, Bhāskarā I and II, Lalla etc have 
given many other methods also, which deserve to i 
be mentioned. : 
(a) Mark the points of extremities of two equal à 
shadows, one before midday and one after that. | 
Line joining them is east west line when. due | 
correction is made for change is sun’s kranti. 
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This is same as the above method. 


(b) When the sun enters the circle called prime 
vertical, shadow of a Sanku is exactly in north-south ` 
direction, i.e. smallest shadow. It will be zero, 
when kránti of sun is same as akó$áméa of the 
place, and not useful. 


(c) Bhuja and koti of a shadow (its distance 
from east west or north south line) is calculated. 
Two bamboo strips equal to bhuja and koti are 
taken. Koti strip is laid from centre towards west 
and bhuja strip is laid from shadow and towards 
south, so that their other ends meet. Then koti 
will be in east west direction and bhuja in north 
south. 


(d) Any heavenly body with zero declination, 
rises exactly in east and sets exactly in west. 

(e) The point where star Revati (€ Piscium) 
or Sravana (Altair or œ - Aquilae) rises is the east 
direction. Or it is that point which is midway 
between the points of rising of citrà and sváti. 

Only those stars will rise in east which have 
zero kranti Observing citra and svati was used by 
people living in north of 30" N. Sudhakara Dvivedi - 
has written in Digmimàmsa, that $rávana, whose 
celestial latitude is about 30° N cannot rise in the 
east, as it will nevere have 0°. kranti (minimum 30 
2 235 = 23 North Krànti). 

(e) The junction of two threads which pass 
through the two fish figures that are constructed 
with the extremities of three shadows (taken two 
at a time) as centre is in the south or north relative 


294 Siddhinta Darpang 


to the foot of the gnomon, according as the sun 
is in the northern or southern hemisphere. 


With the junction of the two threads as centre, 
draw a circle passing through extremities of the 
three shadows. The tip of shadow of a gnomon 
does not leave this circle in the same way as a 
lady born in a noble family does not discard the 
customs and traditons of the family. 


Same views had beeen expressed by Lalla, 
Sripati and Bhaskara I (629 AD.) But this has been 
rightly criticised by Bhaskara II (1150 AD). As the 
sun is moving on a circle, locus of the line from 
sun to $anku top will be a cone with $anku top 
as apex. Its intersection by horizon plane will be: 
always a conic section. The horizon plane is. 
inclined at angle (6 + ø ) with sun's direction which 
is not 90^, hence it cannot be a circle. As the 
shadows at sunrise and sunset time are of infinite 
length, they will be in general a hyperbola 
extending upto infinity. When (6 + 9) = 90° which 
is possible only within polar circle, its locus will 
be circle. 


Siddhanta Darpana has mentioned this view 
in verse 85 of this chapter and has criticised it 
there and in goladhyaya. However, this method 
will be approximately correct if the central position 
of hyperbola i.e. positions near mid day are taken: 

Verse 6 : Relations be- 
tween Sanku and Chaya - Add 
the squares of $anku and chaya 
and take the square root of 
sum, which will he chhaya 
karna. Square of $anku (144) is 
substracted from karna square 
and square root of the dif- 


s Chaya © 
Figure 5 
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ference is chaya which is base or pada. Square root 
of difference of squares of karna and chaya is bhuja 
(ganku = 12) Line joining ends of bhuja (Sanku) 
and koti (chaya or pada) is called karna. 
Note : Relation are obvious from figure 5. 
OV = Sanku = 12 length = Bhuja for the angle 
z of Sun’s direction from vertical (ZSVO = Z) 
OS = chaya = Koti or pada for angle z. 


VS = Line from $anku tip to shadow tip - 
Karna of chaya. 


OS is in horizontal plane, OV is vertical, hence 
ZVOS = 90°. 

Thus VS? = OS? + OV? 

Verse 7 : Method to find square root. 

Steps - (1) Given a number mark the even 
(sama) places and the odd (visama) places from 
right (unit place) by horizontal and virtical lines. 

43-4------ 

Example 11 97 16 

(2) Substract the greatest possible square from 
the last odd place. 

(3) Always divide the even place by twice the 
square root upto the preceding odd place 

(4) Substract from the odd place (standing on 
the right) the square of the quotient 

(5) Repeat the process as long as there are 
still digits on the right. 

Notes : (I) This method was first given by 
Aryabhata 


396 


Áryabhata 
-1 -1-1 
A = 119716 (3 


2X34 = 68) 411 (6 
408 
36 


6 

X 

VA = 346 
New Method 
11 97 16 (346 


This is short version of 


same Aryabhata. 
XX method. 


(2) Proof of Aryabhata method - 
(1) Put X1 = [V11], X1 = 3 


11 -- xi? 22 
(ii) Divide 29 by 2x; with quotient x2, x? = 4 
29 = 2xyx? +5 


(iii) 57 - x? = 41 

(iv) Divide 411 by 2 (10 x1 + x2) = 2 x 34 
411 = 2 (10x; + x2) x3 + 3 

(v) 36-x;? = 0 
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Thus we have 
11 = x42 


29 = 2x1x245 
57 = x?? + 41 
= 2x, (10x, + x7) + 3 


x3? 


Multiply these equations in order by 10*, 10°, 
10?, 10! and add. Corresponding terms are can- 
celled, as 

2 x 10* = 20 X 10°, 5.X 10? = 50 X 107, 41x10? 
- 410 X 10 ; 

we get 

11X10* + 9 X 10? + 7x10? + 1x10+6 

= xi? X 10* + 2x1 x; 10° + x)? 10 + 2 xix; 10 
+ 2x2 x3 10 + xz 

or 119716 = (x1.10? + x2.10 + x3)? 

= (3.10? + 4.10 + 6)? = (346) 

or V119716 = 346. 

Some times we get smaller number at odd 
place then numbers which will be substracted from 
that. In previous place quotient is reduced by 1. 

1-1-1- 1-1 
7389154890 


-27 
2X2=4 B3 (7 Here quotient should be 8 
~ 28 as 4 X 8 = 32 is less than 
58 33. But at next stage, we will 
sg get 18 - 8 = negative Number. 
2x27 = 54 9 d. | 
54 
451 
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V 738915489 
2X271= 542 4505 (8 = 27183 
4336 This adjustment is to be 
1694 done in short method also. 
T PME 
2X2718-5436)16 308 ( 3 
16308 
09 
3 
X 


Verse 8 : Square root of sexagesimal numbers : 


Some numbers are expressed in successive 
divisions of sixty like danda, kalà, vikalà which 
are called avayava or components. To find the 
square root of such numbers, steps are as follows- 

(1) From the first component ie. greatest 
division like danda, we substract the greatest 
square number. This gives first part of square root 
in danda (whose square has beeen deducted). 

(2) If the remainder is less than the square 
root danda, then it is multiplied by 3. Then it is 
converted to next lower component (viz kala) and 
number at that position in kala is added. The sum 
is divided by square root in danda multiplied by 
6 and added with 1. Result will be second i.e. kala 
component of square root. 


(3) If Ist remainder is equal or greater than 
danda root then it is multiplied by 2 and 1 is 
added. This is converted to 2nd component kala 
(by multiplying with 60) and number at 2nd 
component is added. Total remaining kalas are 
divided by danda root X 4 + 3. Result will be kala 
component of the square root. 
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Notes : (1) This is a very ingeneous method 
of finding square root, which I have not come 
across in any other text. This method of square 
root and cube root method in last chapter has not 
come across the modern world. The method is 
explained by examples for both cases. 


Example 1. 
7) 60° 20' (7° 
-72 
11 > This is more than 7 
1b241 = 23° Thus square root is 7° 45’ 
23x60'+20' = Test 
2 
31° 961° 1 
7x443-31)1 400(45' (7 a5 = |=} = e = 075 
24 . 
eB Which is slightly less than 
the square no. 
155 1 
5 
Example 2 
7 50° 20 (7° 
-7 
1° This is less than 7° 
1°X3 = 3° Thus square root is about 
3'x 60'+20' = 7° 4.6 
7X6+1=43) 200 (4.6 Its square is 
172 pak : na £ 
280 ^| €6]| {40 
2 
258 - 283 E 
22 - cj = 50'3' approx. 
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(2) Justification - This is an approximate ` 
method, hence an approximate proof or rather. 
justification of method is given. 


(i) Suppose A°B’ = (a°b’}? 
when A-a? > a (Example 1) 
Since A < (at+1)*, (atl)? - a? > A-a? > a 
or 2a41 > A-a? > a 
Qa*1)*a 3a +1- 
C9 approx e 
This is multiplied by 2 and 1 is added, Sem. 
it becomes 
(3a41) + 1 = (3a42) = (3a42)60' 
Now (a+1)? > A > a?«a = a (a41) 


Hence, A-a? ~ 


1 3 1 
= Ne teh ui s o Sie 
or A = (a+1) (a+5) a^ + 2? t 2 


3 9 3 
"E. Ed AL 922 
a *2758*316 (a +>) 


Hence b - 45' approx (more than half degree). 
B is betwen 1' to 59' - 30' on average 
Hence remainder is (3 a+2) 60’+30’ 
= 180 a + 150 approx l 
180a + 150 
Dividing by b = 45, — — = 4a 33 
approx. 


Hence the remainder is divided by (4a+3) to 
get the value of b. 

(ii)) When A-a? < a 

Since A-a? > 0 always, on average we can 
take 
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A-a? = a/2 
a 1 
PA ea qp 
A'B A+; za 2*3 
2.a.1 1 7 
= 2 — cai 
= (a? + 2 ur EE. 


1 7 
E = \2 —— ae 242 = o> \2 
= (a+ 4) + 16 (a1/4^) (a^ .15’)* approx 


Remainder is multiplied by 3 and converted 
to kalà then added to B — 30' becomes 


5 X3 X 60 + 30 = 902430 


On division by 15', range of b it gives 

6a 4 2 

Hence it is divided by 6a41 to give approx 
value of b. 

Verse 9 : When in astrology, we calculate 
proportionate life term from value of nakSatra, 
difference of 1 kalà will give age difference of 72 
days. Hence component quantity roots should be 
found carefully. This is a rough method involving 
some error. Hence it should be checked by 
Squaring. 

Verse 10 : Multiplication of component 
numbers - A multiplication of two quantities with 
3 components each will be in 9 places. First number 
is written at the top with three components at 3 
Places. 2nd number with 3 components is written 
below, by its first component we multiply the first 
line's components at 3 places. The multiplication 
by smaller component is written below it, drifted 
l place towards right. 3rd multiplication by next 
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smaller component is shifted 1 more place towar. 
right. Thus total is in 5 places. First place from; 
left is unit (rupa), 2nd place is liptà (1/60 part), 
3rd is vilipta (1/60 lipta) and so on. Only 3 places: 4 
are taken. Their square root can be found out by. 
method of verse 9. Otherwise, for accurate calcula-? 
tion, they will be converted to vikala whose square: 
root will be in kala. E 

Notes : This method is called go-mütrika in’ 
Indian arithmetic. Like urination by cows at: 
separate spots, multiplication is done at different: 
lines. Proceduce is as follows - 


a'b X : he 
ser E 
ad' db de” E 
ea' eb" ec” E 
fa" fb" fc"" 7 
ad' db+ dc"4 ted” fc"" : 
ea’ eb” + +fb”’ 
= A° =B fa" 
= A° =B =C” 


Only A'B 'C" is kept which is sufficient for 
.accuracy. (60 A*+B’) X 60 + C" = Vikala 

Vikala = Kala X Kala (e’xb’ = eb” vikala as 
above) 


Hence square root of vikala will be in kala. 


Verses 11-12 : Setting of $anku 

Circular base of $anku should be plane and 
from top to bottom, face should be plain and 
straight (i.e. smooth conical surface). Height of 
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cone and circumference of base will be equal). 
Shape of $anku may be any type, but 1/12th part 
of its height will be called 1 angula. 

For finding out time, our own body also can 
be considered a Sanku and the distance of shadow 
is measured from middle point of the feet. 

Convenient áanku is of eye level height made 
of soil or wooden pole. Its centre will be at centre 
of circle. Radius of base is measured already. 
Distance of shadow end is measured from base of 
$anku and radius of base is added to give shadow 
length. i 


Verse 13 - The. shadow meant here is 
produced by centre of sun. But other parts of sun 
are not dark and they x 
also contribute to the B 
shadow. Hence the 
length of the shadow 
is increased by 1/211 to N 
find the shadow length 


C $8 8S 
due to sun's centre. 


Figure 6 


Notes : In figure 6, shadow of Sanku CP due 
to centre O of sun is CS. Elevation of sun is 
ZCPS-z. Due to upper most part X of sun, end 
portion. SS' is also lighted. Hence, only shadow 
CS' is seen. To find correct shadow, length SS' is 
added to it. Now PS = CP sec z, CS = CP tan z 


S'N is perpendicular on SP. 
Since S'N is very small compared to SP, 
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SN sun'sradius ^ 1 
SP sun’sdistance 219 
stant average value) 


e known con 


e SP 
or S’N = 219 
S'S = SN sec z (in right angled triangle S'SN | 
_ SP secz _ CS secz 

219 sinz 219 

1 
Ona 219 sin z . cos z ` (am) 
Or ss' i —— | = = 
109 sin 2z 109 sin2z | 

aM 1 


CS’ ~ 109sin2z -1 a 

Thus the correction will be for less than 127 

the distance of SS’, because shadow is not dark; 
due to dispersion of light in atmosphere. Logic? 
given here is that correection is equal to sun 53 
radius; distance it is not correct. 3 
A 


Verses 14-23 : Definitions 


(Text asks to explain the terms through $ 
spherical model constructed of bamboo to imagine? 
the measures correctly. Diagram is a crudle: 
substitue, but without it is impossible to describe). : 


Sanku is called nara or koti also. 


M niis a ras xod oe 


Chaya is called prabhà and bhuja also. 

Square of bhuja and koti added are square of | 
karna. 3 

This koti, bhuja and karna form fundamental : 
triangle. 
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The great circle (straight line for a spherical 
surface) passing through east west points and 
zenith (khasvastika) is called east west circle 
(pürvapara vrtta). 

Earth's equator extended into sky is called 
celestial equator (Akaga visuva). Its akéaméa is 
considered zero. Great circle passing through poles 
and east, west points is called samamandala. 


Ahorátra vrtta becomes successively smaller 
as we procced from equator to meru (pole) 


A sphere of bamboo or wood should be 
formed to show celestial equator, ecliptic, eccentric 
circle of planets and other circles. 


On any day, if the midday shadow of $anku 
is north. from $anku, then its difference from 
equinox midday shadow is called agrà (more 
correctly karna vrttagra). 

If shadow is south from gnomon (Sanku) base, 
then sum of equinox shadow (north for north 
latitude only) and this shadow is called karna 
vrttàgra. 

On equinox day sun makes day and night 
equal while on equator (perpendicular to equator 
on that day). Thus the distance of sun on this day 
from svastika of a place is akśāãmśa or palaméa 
(angular distance from equator) of the place. 


Palaméa is the nati (angular distance from 
zenith or svastika) on equinox midday. Its angular 
height from horizon is unnàátamáéa equal to 
lambaméa (complementary to akgaméa - distance 
from north pole). 
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12 angula Sanku and palabha multiplied by 
radius (3438) and divided by pala karna give 
respectively lambajya and akáajya. 

Notes (1) Figure 7 is as per commentary by 
Pandita Bápüdeva Sàstri on sürya siddhànta. 

Z 


Figure 7 - Definitions in spherical triangles 

ZANB is yàmyottara mandala (meridian) pass- ; 

ing through two poles P, P’, and zenith Z. All the = 

other circles have been projected on this plane for 3 

diagram purpose. Samamandala is great circle : 
through Z, N and east west points. 

KSitija (horizon) is circle passing through 

north south east west points. ACB is its diameter | 

in the figure which is in north south line. 


A Tor eei i aa Al taut a si ete T X 
REISEN ERCUES TT ENGINE IUS A ARS TDI D Ar RE. 


A: 


pe 


TO E cei does 


Nadi mandala is celestial equator. Its diameter 
is ECF. P and P' are dhruvas (north and south 
poles) of earth. PCP' is a diameter of unmandala 
perpendicular on diameter of nàdimandala (or its 
diameter). 


GH is diameter of ahoratra vrtta (diurnal 
circle) of sun (or any planet or star). This meets 
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PCP at L (bisected there) and kéitija at O. Let EM 
be perpendicular to AB. 

Then EZ is aksamóéa and CM is its sine or 
akéajya. AE is lambàáméa and EM is its sine or 
lambajya. CE is trijà, Thus EMC is a latitude 
triangle with lambajyà, akSajya and trijya as its 
sides. It is called W. 

CL is distance between nàdi mandala and 
ahoratra vrtta - and is equal to krantijya. L is point 
of intersection of ahoratra vrtta and unmandala 
and LO is perpendicular on line of intersection of 
ahorátra vrtta and KSitija (this line is perpendicular 
to the plane of paper i.e. diagram). This LO is 
kujya. 

CO lying on k$éitija is the distance between 
purvapara and udaydsta sutra and is agra (both 
the lines perp. to paper plane). Thus CLO is 
another latitude triangle with sides as krantijya, 
kujyà and agra - called X. 

Let the sun be at K. Perpendicular KD to 
kSitija is also called $anku (or mahaSanku). DO is 
$ankutala and KO, istahrti. OKD is another latitude 
triangle called Y. 

Midday $anku is called madhyahna $anku. 

Suppose sun is at E, the equinoctical point, 
let CR be $anku of 12 angulas. RT is its shadow 
Perpendicular to it meeting ECF in T. RT is called 
Palabha, and CT is pala karna. CRT is the basic 
latitude triangle called Z. 


Verses 24-27 : Kranti from Palabha 


Now I tell the method of finding current 
declination (angular distance from equator - kranti) 
9f sun forn palabhà (midday shadow) 
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Midday shadow on north south line is | 
multiplied by radius (3438) and divided by karna, ^ 
Arc of this jyà is found in kala. This is natamsa /, 4 
of sun (distance from kha-svastika = zenith). E 


If shadow end is south from the equinox mid 
day shadow, then sun is having north kranti. 

Then krànti kala of equinox day (ak$amé$a) is 
added to natámáa (kala). which gives sun's kranti. 3 
(for north latitude). Sun's equinox shadow and mid! 3 
day shadow on desired day being i in one direction, 3 
difference of kranti and natamáa is taken. They are: j 
added when in different direction. E 


According to sürya siddhanta, palabha (on; 
equinox day) is found out from akśajyā of the: 
place. Lambajyà in found by taking square root of? 
difference of squares of trijya (1,18,19,844) and; 3 
akSajya. 


Notes 


Z 


Figure 8 
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' Let HZPN be the observer's yàmyottara 
mandala and Z be the zenith. Let EQ be the nàdi- 
mandala, HON ksSitija and P Dhruva (north). Let 
S be the sun at mid day (In south declination. 
towards south point H from Z). S will be towards 
N in north declination. . 

ZS is its natamóa or distance from zentih 
(vertical). HS its unnatàmáéa (elevation from 
horizontal) and SE its kranti (distance from equator 
- shown north here). ZE is ak$amáa. 

Draw SA perpendicular to ZO. Then AS is 
natáméajyà and OA is unnatàmáa jya. 

Produce ZO to cut the circle at Z. Cut OB 
- 12 angula. Draw BC perpendicular to OZ 
meeting SO produced at C. Then OB is ganku, BC . 
madhyahna chaya (mid day Shadow) and OC chàyà 
karna. 

Natàméa /5OZ = ZBOC is given by 
BC _ Chaya 
Oc © Karna 
which is the formula. 


Sin ZBOC = 


Now when S and E are on same side of Z, 
(as in figure), the shadow BC will be in opposite 
side of both. In this case, SZ = EZ - ES 


Or Natamsa = AkSaméSa - Krànti 
When S is on other side of Z i.e. at S’, the 


shadow will be in side OZ’H, opposite to equinox 
shadow. Then, 


ES’ = EZ + ES’ 
Or Kranti = AkSamSa + natamáóa 
For same sides it was Akśāmśa - natāmśa 
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Verses 28-32 : Sun from shadow - 


Now I tell the method of finding sun's 
position from shadow. If natàmóa and ak$amáa are 
in same direction (i.e. shadow on equinox midday 
and desired mid day is in same direction from 
$anku base), then we take the difference of these. 


When they are in different directions, then 
we take the sum. This will give kranti of sun (in 
case of difference, it is in direction of greater 
quantity, for sum, it is direction of either. 

Kranti jyà is multiplied by trijya (3438) and 
divided by jyà of paramakranti (1370). This will 
give bhuja jyà of sun. Its arc is found in kala. If 
sayana sun is in first quadrant, this arc itself is 
position of sayana sun. If it is in 2nd quadrant, it 
is substracted from 6 rāśis, in third quadrant added 
to 6 rasis. If sayana sun is in last quadrant, arc is 
subtracted from 12 rà$is. 


Ayanàmáa is deducted from this value to get 
true sun as measured from mesa O°. Sphuta or 
true sun is substracted from its mandocca and 
mandaphala correction is done in reverse manner 
for madhyama sürya. By repeated procedures, 
madhyama sürya will be more accurate. 


Notes : Calculation of sayàna sun involves 


two steps (i) Finding krànti of sun as described in 
verse 27. 


(ii) From krànti of sun to its sayana position, 
which has been described in chapter 6 verse 96. 
There the formula has ben used for the reverse 
process, re. to find sun's kranti from position of 
sayana sun. 
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Krànti jya X Trijya 
Parama kranti 

This formula has been proved there. 


Bhujajya of sun = 


Now sayana sun is reduced to true sun by 
reverse process of finding sayana. Earlier ayanamáa 
had bene added (it may be substracted for periods 
before 493 AD or after 2200 AD according to book 
- which is not correct).. Hence, it will be substracted 
now. 

Madhyama graha from true graha is again a 
reverse procedure of finding true graha. It has 
been explained in verse 166 of chapter 5. For sun, 
only manda correction is done. 

Verses 33-34 : Shadow from sun's position 
of midday 

Sun's position will give its kranti as explained 
above. Aksaméa of a place is known. If both are 
in different direction, they are added, to give 
natāmśa of sun (inclination from vertical). 

If both are in same direction, their difference 
is taken. : 


(Here direction of akśāmśa is opposite to 
direction of equinox shadow i.e. direction of 
equator from the place). Thus in north hemisphere, 
ak$amáa is south). 


Thus we get natam$a at mid day. Its bhujajya 
and kotijya is calculateed 
12 X natarnSa jya 
Kotijyà 
12 X radius (3438) 
Kotijya 


chaya = 


chaya karna = 
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Figure 9 
Note : This is obvious if we consider figure 
after verse 5 or 13, reproduced here. OV is vertical 
direction at a place where OA is sanku of length ` 
12. OB is shadow on horizontal plane. Thus ZVAS 
= /BAO = natàmáa of sun, ZBOA = 90° 


Now chaya BO = OA tan z = esr 
Cos z 
12 x R Sinz 12 x natàmáa jyà 
^ RCosz Kotijya of natamáa 
OA 12 x R 


chaya Karna AB = Cus Roz 


_ 12 x radius 
A Kotijyà 
Verses 35-37; Unmandala $anku 


Unmandala is great circle passing through 
east, west points and north and south poles. 
(Defined in verse 23 - figure 7). Its northern part 
lies above horizon in north hemisphere places (like 
India)). Unmandala is horizon of equator, its $anku 
is formed when sun (or a planet) enters unmandala. 
Then perpendicular from it to east west line is 
unmandal $anku. When sun is in north kranti, it 
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rises earlier than equator, thus at unmandala, it 

has risen at equator horizon and gone above 

horizon at local place. 

Palabha x Kranti jya 
Pala karna 

unmandala áanku X trijya 


Unmandala $anku = 


yaşhı: = Carajyā 


When sun is north from equator, yasti + U. 


$anku = madhyāhna śanku. For sun in south, yasti 
— U. éanku = M śanku. 


Notes— 


Figure 10 - Unmandala $anku 


ZSZ'N is the meridian of a place of latitude 
p. S,N. is north south line on horizon. 

ECE’ is diurnal (ahoratra) circle’s diameter 
when sun in on equator. 

QQ’ is diameter of ahorátra when its kranti 
is ô, 
P,P’ are north and south pole, joining line is 
diameter of the circle passing through east and 
west points on horizon, so perpendicular to plane 
of paper like equator circle. 
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PCP’ is the north south line of equator and ` 
unmandala is horizon circle there. C is east point, 
CR is agrà. 

Perpendicular from planet at unmandal to 
horizon, is equal to its projection BD in meridian , 
plane. Thus BD is unmandala sanku. 

On diurnal circle projection, sun moving from . 
Q' above, rises at horizon at point R. At position 
B it is on horizon of equator and rises there. Thus 
sunrise is earlier in north hemisphere when sun 
has north kranti. 


Half of ahoratra vrtta diameter BQ = Dyujya 

Difference between equator and horizon rise 

= BR = Kujyà (in kala angles) 

Difference in rising time in asu = Kala for 
equator = CA = Carajya 

EQ = ò (Kranti), BC = R sin ò= Krantijya, 
Akśānśa $ = arc S'E or PN or angles BCR etc 
marked with Zsign. 


BF and QT are perpendiculars on vertical line 
CZ. Q is mid day time of sun, so TC = madhyahna 
Sanku = R sin z 

where z = natamSa QZ = ZQCZ 

Thus, madhyàhna $anku is TF length more 
than BD i.e. unmandala $anku. 

TF = yasti (or madhya yasti at madhyàhna 
time) 

= Height in vertical direction above equator 
rising point. This height at any other position is- 
called ista yasti. 

In latitude ABCD, 
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BD BD 
X BC  Rsinó 
: or, unmandala $anku BD = R sin ô Sin $-- 
- (1) 
: (R sin 6) (R sin $) 


R as stated 
FT = FO + OT = (BO + OQ) Cos ® 
= BQ Cos 9 


But BQ is at angleó from equator 
hence, BQ = R cos 6 


Hence yasti FT = R Cosó Cos ® - - - (2) 
yasti carajya - (3) 
Unmandala $anku © | R 


by dividing (1) with (2). 

Here, yasti - madhyahna $anku - Unmandala 
sanku. ....... (4a) 

when sun kranti is north. In south krànti. 
MM', $anku at B' will be in opposite direction. 
Then yasti = madhya $anku + unmandala $anku 
across beipd obvio A Aaa box de (4b) 

Value of carajyà in (3) has already been proved 
in chapter 6. It is proved as in APCA, BR//CA 

CA BR 


Hence CP = BP 


CP = R, BR = BC tan® = R sind tan® (from 
diagram) 
BP = R cosó 


Hence carajya CA = R tan ô tan ® used in 
(3) | 
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Verse 38 : Alternative method for madhyáhna 
$anku - Madhyàhna $anku = 
Unmandala Sanku x Antyà 
Carajya 
Notes (1) Antya = Trijya + cara jya (defined 
later) : 
= EC + CA = EA (Fig 10) 


Now 2D . FT (similar triangles). 
ow = gp Smar riangle “00+ OR 


or Madhyahna $anku CT 
BD x EA — Unmandala áanku X antya 
CA Carajyà 
when sun is having south kranti, 
Antya = Trijya - Carjya. 
Trijya in asu is half day length at equator, 
carajya is difference in half day length at own 


place. Thus antyà in asu is half day length at any 
place. 


(2) Yasti is a stick with length equal to trijyà 
- 3438 used to measure vertical height of sun from 
horizon, as ratio of trijDóà - hence it gives sine 
values. Thus, the height measured from the 
position of equator sunrise is ista yasti. In north 
kranti, at equator rise time, it is below horizon, 
so its vertical height at equator sunset time can be 
measured, which will be almost equal and opposite. 
.For north kranti it can be measured directly. Hence, 
the name yasti has been given. 


Yasti and all Sanku measurements are in the 
direction of local vertical i.e. line passing from 
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earth's centre to the surface point. Heights of sun 
along this line from equator rise time will give 
yasti. This gives a measure of equator time i..e 
udayantara correction. : 


Verses 39-44 - Agra and Karna Vrttagra - 


Jya of nataméa (R sine of angular distance 
from zenith is called drgjya and its kotijya (R 
cosine) is called $anku jyà 

Madhydhna agra = cT und nri (A) 

Agra at madhyahna is south or north as sun 
is having north or south kranti. 


Karna Vrttàgra 

_ Madhya agra x chàyà karna (B) 
Radius(3438) ` 

(Karna Vrttagra is distance of shadow end at 


any time in north direction measured from equinox 
mid day shadow) 


Alternatively, 
Kranti jyà x trijyà 


MANDARA: T s Tanba 


(A^) 
Kranti jyà x chāyā karna ; 
Lambajyà 6» 
Sayana sun in six rá$i's starting from mesa is 
in north hemisphere and in six raéis from tula is 
in south. 


When sun is in north and karna vrttagra is 
more than palabhà (equinox mid day shadow), then 
their difference will be south bhuja or bahu of 
Shadow (bàhu is length of shadow in north south 
direction). Sun in north and palabhà more than 
karna, then their difference will be chaya bhuja in 
nOrth direction. 


Karna Vrttagra = 


418 


(These rules have been stated for places of 


north hemisphere like India). 
Notes : 


Figure 11 - Karna- Vrttágrà 


NZSZ' is meridian, or yamyottara vrtta of a. 


place passing through north horizon point N, south": 
point S and khasvastika (zenith) Z - i.e. vertically : 


up point. — i 
NES is horizon circle (east half shown) 
P = Pole of equator EQ 


AiR diurnal circle of sun at north krānti: 


(declination) 
R; Rz, R; are its three position. 


Kı, Kz, K; are positions of sun projected on : 


equator through polar circles. 


KR, = K2 Ro = K R3 = Kranti of sun (almost : 


equal for a day) 


PR;, PR;, PR; are polar distances of sun. ZEZ’ 
is sama mandala through east and west points of 
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horizon, zenith (svastika) points. R is sun's 
position on svastika. 

Polar great circles from Z to positions of sun 
meet equator at Aj, Az, E and A3. 

' Thus natàmáa are ZR, ZR; ZR; angular 
distance from svastika. A2Ri, ER2, A3R; are angular 
elevations (unnataémSa) EA;, EA?, EA; are agrās of 
sun. ` 

Now in spherical triangle PZR; 

Cos (PR1 ) - Cos (ZR1) x Cos (PZ 
Cos pzm, = C i (Zhi) : = (PZ) EA 
PZR; = 90° - agrā (a), PZ = 90° - PN 
= 90° - ®, ® = akéamáa 
PR; = PKi-KiR; = 90° - 6, 6 = Kranti 
ZR1 = z natàmáa 

Sin 6 — Cosz. Sin ® 


Hence, sin a = ; 
sinz.cos o 


"^ Sinz.cos® - eren ARE 
Palabha 12 
But tan o = a Cot z = —, S = shadow 
12 S 
chaya 5 


Sin z = Baka K K = chāyā karņa 


snd K 12 x palabha 


Hence, sin a= 


cos®'S S 12 
1 |K sind : 
= 6 cosa S palabnā| 
K sin 6 
or S sina = 2 — palabhà ..... (2) 


os «c 
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S sin a = bhuja of chàyà measured in north 5 
south direction from base of $anku. 2 
Thus, karna vrttágrá = bhuja + palabhà (By. 
definition) 2 

K.V. - n LE (B^) 

as stated earlier 

Relation (2) holds when sun is having north : 
kranti and is north of samamandala. Then bhujà 
is in south direction, which may be taken positive. : 

Bhuja (South) = (Karna vrttágrà - palabha),: 
when in north kranti, sun is south of sama mandala . 
angle ‘a’ is negative (north wards from point E is. 
*ve direction). Then i 

— Bhuja = K.V. - palabhà Y 

When sun is in south kranti, ò will be- 
negative, a will be negative so l 

— Bhuja = - KV - palabhā 

When north direction values are taken 

Bhuja = KV + Palabhā. 

These are the rules for bhuja of chāyā. 

Here, madhyahna agra or madhyàgra has’ 
been the name of agrajya at sun rise time which 
may be named A. 

Thus A = R sin ap where ap is.agrà at sunrise 

Then, natàmáa Z s 90°, cos Z = 0 and Sin Z 
- ], equation (1) becoms ; 

Sin ð 
cos P 


Sin ap = 
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_Rsind | Rx Rsinó 


on A T Rosin aot osp 7 Reose C? 
To find (A) and (B) relations, we have 
PalaAkama | R. l | 

12 | Reos 6 ° 
Hence, A = R sin ò x Palakarna seet 

12 
= (Rsinó K 

F B’ D ) eM m ELS = 
From (B’) Ne have K.V. zos Ð x R 
_ madhyāgrā X chāyā karna _ (B) 


radius 


Verses 45-51 ; Relations. in sama mandala- 
When shadow of $anku falls on east west line, 
then shadow, chaya karna and time (indicated by 
nata or unnata amśa of sun) - all are in sama 
mandala i.e east west vertical circle passing through 
zenith. At this point kranti OF. sun is equal to 
akśāmśa of the place. 

When north kranti of sun is more than the 
ak$améa (for north hemisphere). of the place, 
shadow is always south of samamandala. 

Shadow is north of sama mandala when sun's 
north kranti is less than aksamSa of the northern 
place or kranti is south. | 

Summary - 1 - Shadow on sama mandala - 
then, Kranti = aksamSa - 

2. Shadow south ; N. Kranti > ak$amáa 
(north) 

3. Shadow north ; N. Kranti < north aksaméa 
or south kranti 
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(A) Samamandala chāyā  karna = 
Palabha x lambajyà 
jya of north krànti 
_ Jya of north akéaméa x 12 
7 Jya of north kranti 
Palabhà x dinàrdha karna 
dinardha vrttagra 
(b) Sama mandala $anku 
. Jya of north kranti_x_palakarna 


Palabha 
(©) Drgiya - 
c a= ; re 
18) VTrijya? — Samamandal $anku? 
RES drg jyà x 12 
(d) Sams mange haya: Sama mandala $anku 
Trijyā x 12 


(EE Same mangala Kama; = Samamandala $anku 

(f) Sayana sun bhuja jyà 

_ Sama mandala Sanku x Jyā of akéamáa . 

z Jyà of parama kranti (1370) 

Notes : (1) When sun is in sama mandala 
(east west circle), $anku, shadow all are in same 
plane. Then ista kala agra a = O. Thus from 
equation (2) after verse 44 - 


Ksin 6 
2 SR" palabhà 
uo . palabhà x lambajya — 
or cháyà karna K - Jyà of kranti ` - - (A) 
- R Sinó 


as lambajya = R cos 6, Jya of kranti 

Kranti is north then, only sun can enter 
samamandala. 

Palabha X Lambajyà = akéajyà X 12 

because palabha = 


Three Problems of Daily Motion 423 


T 12 R sin ® 
scene RUE part 2 of (A) 
_ Ksino 

K.V. = ar 


Km Sin 6 
Bop qnsdhyalia, RV aS ae cad 
cos o 


Km are value at madhyahna or dinardha) 
Lambajya cos b 

°F Krantijya sind 

(2) Sama $anku's and krànti 


Em eun d ea 
7 Kvm Pat of (A) 


Figure 10, in yamyottara plane, indicates 
position O of sun on samamandala ZCB. ZCB, 
unmandala and equator all bisect each other on 
east west points, East point is C here. 

Sama $anku is perpendicular from sun in 
samamandala on horizon. It is equal to perp. from 
O (projection of sun on meridian) to NS, as these 
are parallel projections. 

Thus OC - sama$anku 

(height of sun in unmandala) 


ZO is distance from vertex along diameter 
hence angular distance Z is given by 

ZO = R (1 - cos z) = versine Z. 

OC - R cos Z 

In ABCO, ZBOC = 9 (latitude or akéàmáa) 

Sin ® = = 

OC 

But BC is distance of sun from equator or 

from centre. Angular distance is given by 


R sin 6 = =BC 
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Siddhanta Darpa 
BC Rsiné | 
Hence, OC = sin $ = "GB. 
labhà 
Here Sin ® = LIS. 
palakarna 
Rsinó x palakarna 


Hence samaSanku OC = Palabha - - (B) 


R cos z = OC = samaáanku 
Drgjya = R sin Z = VR - R cos Z 


= VTrijyà? — samaéanku?- - - (c) 
(3) For other relations, consider figure 12. OZ 


is part of samamandala with centre at P. PG is a 
$anku of length 12 at P. SP and SG are chaya 
karna and chàyà of Sanku when sun is at O in 


samamandala m 
Natáméa z == arc R 2 
= Z OPR = Z SPG 

= 4 POC 
OC is sama$anku 
OR = PC = R sin Z 

= drgjyà P k 


In similar A s PSG 


and OPC; Ss G 


Fig 12 - Samaśanku 


SG SP 8G. 1 
Hence, Samamandala chāyā SG 
_ drgjya x 12 


sama$anku ze 
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Samamandala chayà karna SP 


Trijya x 12 
CESAR PERENNI PENNE E 
samasnku v) 
(4) Bhuja of sayana sun - 
R sind 


We have R sin (sayana sun) = 


R sin 6 
But samSanku = — from (B) derivation 
sin ® 
or R Sin 6 = Sin ® X Sama$anku 
Hence R sin (Sayana sun) 
Sin ® x Samasanku 
- --- (P) 


~ Sin (parama kranti) 


Verses 52-62 Kona Sanku . 
From sáyàna sun bhuja obtained above, we 
can find true and madhya sun as before. Now 
methods for kona$anku are explained, which is 
calculated through agra etc. Four points midway 
between east-north, north-west, west-south and 
south-east are called kona (angle directions). There 
are two great circles perpendicular to horizon and 
passing through kona points (one through NE and 
SW points and other through rest two points). But 
they are considered 4, one for each kona point. 


From Surya siddhanta 
Kranti jyā x Trijya 


Sin (parama kranti) 


Madhya agra = lambajya 
Karna Vrttagra = madhya T iala kama 


When the sun enters one of the koņa vrttas, 
perpendicular from sun on horizon is called kona 
Sanku. Distance of sun from svastika along kona 


Q6 — Siddhanta Darpagd 


vrtta is natamáa and from horizon, it is unnatàámáa, 3 
Jya of natam$a (R sin Z) or kotijya of unnatàmáa , 
[R cos (90°-Z)] is length of kona $anku. | 


Shadow of 12 angula sanku, then in opposite à 
direction of kona is called kona chàyà, when in: 
north part, kranti of sun is equal to akéamáa, there: 
is no shadow in kona directions. 


When midday sun has south nata (altitude), 
then in forenoon, kona $anku is agneya (east south 
angle) and in forenoon, kona $anku is nairtya 
(south .west angle). 

When mid day sun has north nata, kona 
$ankus in forenoon and afternoon are called isana 
and vayavya. Now chaya and natàm$a can be 
found. 

12? (Trijyà?» — agrajya’) 
2 


(A) Karani = 
: 12 .2 
(> + palabhà^) 


: Agrajyà x 12 x palabha 
(B) AkSaphala or phala = Brajya palabhà 
72 + palabha* 


(C) Mala VKarani + akéaphala? 
(D) Kona $anku = akSaphala + Mala 


- (Sum is done when sun is north of east west 
line samamandala. If sun is south of sama mandala, 
difference is taken) 
Drg jya x 12 
Kona $anku 
Trijya x 12 
Kona $anku 
(G) Drgjya or Kona $ankujya 


(E) Kona chaya = 


(F) Kona chaya karna = 
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=VTrijya? — Konaganku? 

Results E to G are quoted from sürya 
siddhanta 

Notes (1) Equation (1) after verse 44 is 
Sin 6— Cos z Sin ® 

Sin z Cos ® 

where a = agra at any time, 6 = Kranti of 
sun, z = nataméa, ® = aksaméa of the place. Sun 
is on konaSanku, in forenoon, its agra is 45° north 


or 45'south from east point (according as kranti 
of sun is more than north akśãmśa or less). 


1 
Sin a = Sin 45° = Vr 


Sin a = 


Palabha 
visuva karna or pala karna 
12 X agrajya 
Visuva karna 


12 
Sees Visuva karna 


Again we have sing = 


Sin 6 = 


Then the equation becomes 
Sin a x Sin z. Cos ® = Sin 6 - Cos z. Sin $ 


1 S 12 . 12 x agrā jya 
1 Me: erar Palakarna ^ palakarna 
Palabha 
— Cos eS 
palakarna 


(The agra jyà on right side is for sunrise time). 


1 
or y5 sin z x 12 = 12 A - Cos z. p. 
(A = Agrajya at sun rise, p = palabha) 
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12? 
or - Sin? z = 12? A? + p? cos? z - 2 X 12 


A X p cos z 
But R? sin’z = R? - R? Cos*Z, Hindu system 
used. 


1 
So, 5 X 12? (R? - R? Cos/z) = 12? A? + p?R?Cos?z 
-2XI2XAXRcosz Xp 
R? 
or 12? volu A? 
- 2p X 12XAXR cosZ 


Dividing each side by 1222. + p? 


12? 
= R'Cos? z T + p?] 


R? 
12? FH — A? ) 
12? 
rae 


Third term is karani == N and coefficient of 
R cos Z in second term is called phala = F, then 


R’cos? z - 2 F, Rcos Z-N =O 
or (R cos z - FP = N + FE? 
or R cos z = F + VN + P 


= 0 


But R cos Z = R cos (natam§a) 
= R sin (unnatam§Sa) 
= Kona Sanku 


So Kona śaħku = VKarani + Phala* + phala 
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Thus F is added for north kranti of sun. 
(2) As in sama$anku, it can be proved easily 
Drgjya x 12 


TA 
that, Kona chaya Kona sanka 


Trijyā x 12 
Kona $anku 


and Kona chàyà karna - 


Drgijya = R cos z 
OR = PC 

PS = Sanku, GS 
chaya, 


PG = chàyà karna 
OC = Kona Sanku, 
PO=R 


gives the result. Figure 12 a 


Verses 63 to 67 : Calculating natamsa - 
Audayika agra 
Ás Jyà of sayana sun x Jya of Parama Kranti 
Lambajya 
(Already proved) 

. From this formula, when bhujajya óf sayana 
sun is 2431 (R sin 45° = 2431) on equinox day, 
then sun rises and sets on kona circles. When sun 
is on equator, it is parallel to east west line at all 
places, hence natamáéa of kona circle in forenoon 
is equal to natamSa of kona circle in afternoon. 
(This can happen at 45° north latitude). 


In forenoon, from sáyana sun, krànti, chayà 
agra, time etc are found. Sun position at midday 
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is approximate and successive approximation is . 
needed for kona time. 


Verses 68-71 : Shadow from time and vice 
versa - Now, method is explaine to find shadow 
length, when time is known or vice versa. By this, 
true positions of planet or lagna can be known at ` 
the time of birth, yajüa etc. 


Steps - Natakàla is expressed as time or 
equivalent angle, a planet takes to reach mid day 
position in forenoon. In afternoon it is time or 
angle passed from meridian position. 


Nata kala Nata kala in kala (N) 


(1) "half day . 3 rāśi 

This is different from nata amśa = z which is 
angular distance from vertical zenith, it is more 
than the distance from meridian. l 

(2) Utkrama jyà vers N = R (1-cos N) is 
found. | 


(3) Antya = Trijya + carajya 
In north hemisphere, when sun is in north 


kranti, sum is used. For south kranti of sun, 
difference is taken | 
(4) Unnata jyà = Cos N = Antya - Vers N 
Cos N is called ista antyà also. i 
(5) hada s SSN X DEW iied ista el 
: Trijya 
also l 
(6) Maha$anku or $anku R cos Z 
cheda x lambajyā 
7 Trijyā 
(7 Drgjyà = ¥Frijya? — sanku? 
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..  Drgjya x 12 
(8) Chaya = TUAM 
Chàyà karna - Topa > already found 
$anku 
Notes (1) : Formula (6) can be written as 
Sanku 
d (Antya — vers N) x Dyujya " lambajya 
Trijya Trijya 
. (Trijya + Carajyà — vers N) x Dyujyà X lambajyà 
Trijyà Trijya 


TO m - 
QS Vers NAE Grays T GO X Dyujya X Lambajya 
_ R cos N + Carajya 
OS hae 
or R cos z = (R Cos N + Carajya) X Cos 6 X 
Cos o 


ô = Kranti, z = natamáa and ® = aksamáa 
This formula is to be proved. 


(2) Figure 11 after verse 44 may be referred 
again 


X R cos XR cos È 


Natakāla - Natakāla is the time in which sun 
or any other star or planet comes to yamyottara 
(north south vertical circle) in forenoon. In after- 
noon, it is time lapsed since it had come on 
yamyottara. These are called pürva and pa$cima 
nata - incline to east or west. 


Unnata kàla is opposite to natakala i.e. time 
taken to rise from horizon in forenoon or the time 
after which the planet will set in west sphere. 


Unnata kala = 1/2 day time - natakàla 
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When polar circles to equator are drawn 
through position of sun, the arcs on diurnal circle 
of the planet are proportional to arcs of equator 
which are proportional to rising time in asu when 
arc is in kalà or minute. Rotation of earth is along 
equator with fixed speed and time for 1’ rotation 
= 1 asu,. 


Thus in figure 11, natakala at Ri, Ro, R; is 
the time for planet to reach point R of yamyottara. 
Natakala corresponding to points Ri, R2, R3 all east 
from yàmyottara are angles ZPR, ZPR, ZPR; 
which are proportional to arcs QKi, QK;, QK; on 
equator. 


Time from E to Q is half day and angle is 
90° = 3 rāśi 
Natakala QKı 


Hence, ——7,— half day = OE for point K1; sun at Ri 
natámáa 
zo———— — - - - Result (1 
3 rasi (1) 


(3) For sun at Rj, in spherical triangle ZPR: 


Cos(ZR1 ) — Cos(PZ) x Cos (PR1 ) 
Sin (PZ) x Sin (PR; ) 
or cos (nata kala) 
Cos z — cos (90° — ® ) cos (90° —d) 
Sin (90° — 4) Sin (90° — ô) 
cos Z — Sin ® Sin 6 


Cos ZZPRi = 


Cos ® Cos 6 

Cos z 
pror em — tan ® tand - - - (A) 
Now carajya = R tan ® tan ô - - - (B) 


Adding (A) and (B), 


Three Problems of Daily Motion 433 


* "m Cos z 

R Cos (nata) + carajyà = Cosa noes. 

or Sanku = R cos z 

= [ R cos (nata) + carajya] X Cos ® cos 6 


In Indian system sin and cos are to be 
multiplied by R. Results for obtaining chaya and 
karna have already been proved. 


Verses 72-75 : Time from shadow. 
For this, same formula are used in reverse 
order - 
Chaya x Trijya 
Chaya karna 


(2) Maha éanku = VTrijya? — Drgjya? 


(3) Cheda or ista hrti 3 


Step (1) Drgjya = 


: | 
Sanku x Trijyā ^ Sanku x palakarna 
Sg ————à————— 
Lambajya 12 
Cheda x Trijya 
(4) unnatajya cos N = pele aye 


Dyuya  . 
(5) Nata Utkrama jyà = vers N = Antya-Cos N 
(6) Arc N is found from this. Its value in kalà 
is equal to asu of natakala. 


Nata--asu divided by 6 gives nata pala. When 
sun is in forenoon, this is time before noon and 
in afternoon, it is time after noon. 


Notes : Methods can be proved in same way, 
as previous formula. 

Verses 76-77 - When nata utkramajya is less 
than 27 kala, there is a separate method. 
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2 > (Irijya + antyà) | 
Natàsu = V Antyà? as Unnatajya? UT theses Y 
Note : Utkrama jyà is 29 kala for 2nd khanda 
of 7-1/2°. For smaller values (leess than 7* dts) 
this is an approximate method. 
Verse N = (1-cos N) = N?/ for small N 


2 


or y = Antya — unnatajyà 


For derivation of this approximate formula “{ 


sea TL Fade su an adag Ond EL reped tat 


T aa Ped m M x za, oc. 


and to explain the physical significance of terms : 


used at each stage, it is necessary to show ; 


diagrams. 


Natakàla has been explained in both circles, : 


E 


yamyottara (meridian circle) in Fig 13a and equator © 


(visuva) circle in figure 13b. 


In Fig. 13(a), EOE’ is diameter of equator, ; 


Figure 13 (A) Figure 13 (B) 
Yämyottara Vrtta Visuva Vrtta 


QQ’ is diameter of ahoratra vrtta (diurnal circle). 
NS is diameter of horizon in north-south direction. 
In north krànti, sun comes on horizon at K, hence 
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in 1/2 day QK is increased from QR (6 hours) by 
RK. QR = semi diameter of diurnal circle = Dyujya, 
RK = extra length of half day or advance sun rise 
time = Kujya. 

The corresponding lengths on equator circle 
are propositional to time (arc in kala = time in 
asu). Here OE = Radius of celestial circle = 3438’ 
kala. OC = carajya. Distance of position X from 
mid day position Q is called nata kala. Correspond- 
ing nata kala on equator is measured by arc EX’. 
EX’ = vers N as measured from diameter end E.. 
Length from centre is OX’ = Cos N. 

EC, = Antyà = distance along meridian 
diameter from corresponding positions of sunrise 
and mid-day = EO + OC = Radius + Carajya 

Ista antyà for position X of sun is its distance 
along meridian diameter between corresponding 
positions of sunrise and instant position of equator. 

Ista antya - X'C - CE - EX' - Antyà - nata 
utkramajya 

OK = Hrti, XK = Ista hrti 

Dyujya = R cos ® , where ® is latitude, 
Corresponding distances on equator and diurnal 
circle are propositional, hence 


Ista hrti Hrti Kujyà Dyujyà 

Ista antyā antya — Carajyà Radius 
= Cos ® - - (1) l 

Now same positions are represented in Fig 13 
(B) but in equator circle and projections on it. 
Projection of P is at O itself. 

QTQ’ = diurnal circle, ET'E = equator circle 
- half portions above horizon EQE’ are shown. For 


46 | o... Siddhinta Darpana? 


positon M, when sun has zero kranti, both circles ; 
are one'and nata angle N = ZMOT = arc TM. ` 
Nata utkramajya = T'N, Unnatajyá or nata kotijya : 
= ON and natajyà = MN. When N is small, T'M E 


= NM (approx) = VOM? — ON? 
or Nata asu - YTrijya? = Unnatajyà? 


In this position antyà yTy — 
Hence the formula, nata - antya? x Unnatjyà? 


I 


:1 l 
3 (Trijya + antyà) : 
seid ee 


A = VTrijya? — Unnatajyà? 
This case is proved. 
When sun is having north kranti, horizon : 

point on diurnal circle K; corresponds to horizon ; 

point C, on equator; so that OKiC; and OK;C; are i 

in one line. Thus horizons are Ki K K2 and C1 C - 

C; on diurnal and equator circle. l 
Here T'C ==" Antya, T'O = Trijya 
At Nata N; position of sun is at X and X’ on: 

equator. ; 

Arc XT = ZX OT’ =N 

But sun is seen at X making angle 0 at horizon 

at K. l 

TK = T'O+T'C 

i 2 
middle of PC. 
Since angle is small 

R+A | 


approx. as K is almost in 


XT = X 6, A = antya 
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However, we are vincasunng angle from C in 
formula 


Vantya? — m = AO E 
-A0 .R*A `> 

—— x 

A“ 2 

or, Hence N - Vantya? - Unnatajyà? X 5 


Hence, N - 


1 (R+A) 
2 A 


(2) Since we are making measurements from 
distance T'K - LM A cos 0 may be more than 
R. as A > R. Then angle-is measured by 
substracting R from A cos 9, as.the jyà is same in 


next quadrant also. 


Verses 78-80 : Some precautions 
When nata utkrama jyà is more than trijyà, 
we deduct trijya from it and arc of remaining part 
is taken. It is added to 5400 kala to find nata asu. 
When nata asu is more than 5400 asu, we 
deduct 5400 asu and find jyà of remaining arc. 
This added to trijya is nata utkramajya. 


Nata asu multiplied by sàvana dina (21,659 
asu) and divided by chakra ,asu (21600) gives 
sūkśma nata$u. 

- Notes (1) Calculation for 2nd quadrant is same 
as explained in note. (2) after verse 77. 

(2) We are taking a savana dina as 21600 asu 
instead of 21659 asu, hence this proportionate 
correction is done. 


Verses 81-84 : . Sun from agra and sama $anku. 


Now I tell the method to find sayana sun 
from karnagra and samamandala $anku 
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Karnagra x lambajyà 
Chaya karna 


Kranti jyà = - - - - (A1) 
Krānti jyā x Trijyà 
Jyà of paramakranti 


Jyà (sāyana sun) = (A2) 
According to the quadrant of sāyana sun, 
sāyana sphuta sun is found. By deducting 
ayanam$a, sphuta sun is found as before. 
Alternatively, 
E Trijya x 12 5 
amasansu = Gamasarku cháyà kama ves 
Sama$anku x akéajyà 
Jyà of paramakranti 
From (Bj), sun is obtained as before. 
Notes : (1) Formula A1 and A; have been 
Obtained in verse 40-41 or in 53. 


(2) Formula B1 and Bz have been given in 
verse 47-50. 


Verse 85 : According to ancient scientists, 
shadow end of the $anku moves on a circular path 
on a horizontal plane. This is not correct for all 
places and all times. This wil be discussed in 
goladhyaya. Now we discuss the method to find 
time in night with help of conjunction of planets 
and stars. 


Jyà (Sayana sun) = - - - (Bi) 


Note : Locus of shadow has been discussed 
after verse 5. Its formula for radius of circle has 
been given by VateSvara and Bhàskara II. This is 
correct for only central portion of the hyperbola, 
which is real locus. 

According to VateSvara, one formula for 
(R + agra) (R — agra) 


diamter of shadow circle is : = 
Mid day $ankutala 
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Figure 14 
Diameter of shadow circle 

+ mid day $anku tala. 

In figure 14, cirde ENWS with centre O is 
the horizon, with east, north, west and south 
points. A is the point where sun rises, A' is the 
point where sun sets and M is the foot of 
perpendicular on horizon from mid day sun. Then 
circle through A’, M and A is locus of shadow, 
approximately for central portion A'MA. 

AB, the distance of A from east west line EW, 
is sun's agrà (at rising time). 

MO = Zm, = R sine of sun’s zenith distance 
at midday. MF, Distance of M from rising setting 
line AA’ is sun’s $ankutala at mid day. 

MF = MO+OF = MO + BA = Zm + agra 

C is centre of circle A'MA. Let OC = x, Then 

MC? = AC? (both radius) 

or (MO+OC)* = FA? + FC? 

or (Zm + x)? = R? - (agra)? + (x-agra)*- 

where R is radius of circle E NWS. 

Solving it for x, we get 
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R?- =\2 
2x = ROME amem 
Zm + agra 
R?- 3M 
6p be Zunge de MER Lore 
Zm + agra 


_ (R + agra) (R — agra) 

| mid day Sankutala 

This gives the diameter, as x * Zm - radius 
of shadow circle. 


* mid day $ankutala ; 


Another formula for this diameter is 
(shadow)? — (bhuja)* + (bhuja mid day shadow)? 
bhuja mid day shadow 
This can be proved from same diagram. 


Verses 86-87 : Lapsed or remaining part of : 
night is found by observing madhya lagna in sky : 
from position of nakéatras (position of their stars : 
given in a later chapter). Ayanaméa is added to . 
madhya lagna. From rising times at equator, lapsed . 
part of lagna in the fractional rāśi is found. Then * 
remaining rising time for sayana ravi at night in ` 
the part rasi is found. These two are added along 
with rising times of complete rāśis ^ between - 
da$ama lagna and sayana sun. From this sum, half 
solar day is substracted. Remainder is the lapsed 
time in ghati etc of night. Half day added to the 
sum is the ista time from sun rise. 


Similarly, remaining part of 10th lagna raéi, 
lapsed part of sayana sun rà$i and complete rasis 
from 10th lagna to sun (rising times) - all added 
and half day of sun deducted gives the remaining 
part of night. 
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Notes : Method of 10th lagna has already 
been explained in chapter 6. 


Verses 88-92 : Rising times of nakSatras in Oris- 
sa - 

. Method to find lagna has already been 
explained from time of day and night. Now for 
22' Ayanàmáa, rising times of different nakSatras 
in Orissa are stated, by which true madhya lagna 
can be found in sky. This will be very useful for 
sky watcheers who can satisfy their curiosisty. 


At mid day time, that nakSatra is in mid sky 
in which sun is present. 7th rà$i of lagna at that 
time is asta lagna (setting rasi). The lapsed times 
of lagna raSis are stated according to the nakSatra, 
which has risen in middle sky - starting from 
sravana 


(22) Sravana - mesa 94 pala (23) Dhanisthà - 
mesa 230 pala (24) Satabhisa - Vrsa 280 pala (25) 
Pürvabhadrapada - mithuna 24 pala (26) 
Uttarabhàdrapada - mithuna 174 pala (27) Revati - 
Karka 49 pala (1) A$vini - Karka 187 pala (2) Bharani 
- Karka 256 pala (3) Krttikà - simha 67 pala (4) 
Rohini - Simha 177 pala (5) Mrgasira - Kanya 2 
pala (6) Ardrà - Kanyà 58 pala (7) Punarvasu - 
Tula 2 pala (8) Pusya - Tula 144 pala (9) Aélesa - 
Tula 184 pala (10) Magha - Vrscika 32 pala (11) 
Pürvà phàlguni - Vrécika 197 pala (12) Uttara 
phalguni - Vr$cika 285 pala (13) Hasta - Dhanu 62 
pala (14) Citra - Dhanu 198 pala (15) Svati - Makara 
12 pala (16) Vi$àkha - Makara 151 pala (17) 
Anuradha - Makara 266 pala (18) Jyestha - Kumbha 
- 67 pala (19) Mila - Kumbha 231 pala (20) 
Pūrvāşādha - Mina 80 pala (21) Uttarasadha - Mina 
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152 pala. From the difference of rising times of 
these nakSatras, time can be found. 


Verses 93-94 - Conclusion - 


Bhàskarácarya II has described many types of 
quantities from bhuja, koti and karna, etc. in 
Triprasnadhikara chapter of his siddhànta $iromani 
and has clarified many doubts by questions and 
answers. This already exists in siddhànta $iromani 
with his own commentary vasana bhasya. hence I 
am not repeating all due to fear of big size of 
book. 


I have described only those topics in detail, 
which I have verified personally and have separate 
views. This subject can be understood only through 
a good grasp of gola (spherical trigonometry) and 
ganita (mathematical methods). Then derivation of 
formula will not be difficult. Hence I have not 
enlarged the bulk of book by writing proofs. 


Verses 94-95 : Prayer and end - 

May lord Jagannatha fulfil my ambitions who 
is rejoicing with Lak$mi of unsteady eyes and is 
residing at Nilacala (Puri) at 276-1/2 yojana north 
from equator i.e. 19°48’ N latitude and 200 yojana 
east from Indian prime meridian (passing through 
Ujjain). 

Thus ends the seventh chapter explaining 
three questions (Triprasna) along with views of 
sages; in Siddhanta Darpana written for correspon- 
dance in calculation and observation, and education 
of students, by Sri Candra Sekhara, born in famous 
royal family of Orissa. 
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Appendix to Tripasna dhikara 


(1) (a) Local time, Standard time and true 
time : These three are basis of corrections to planet 
positions, in chapter 2. True time is time cor- 
responding to nata kala; position of sun. Local 
mean time is average time of a locality, assuming 
24 hours in each day. Standard time is local mean 
time of a position taken as standard for a country 
or a time zone. This time differs from Greenwich 
mean time by exact multiples of half hours. Like 
standard time of India is local mean time of place 
82°30’ east of Green-wich i.e. 5-1/2 hours more 
than G.M.T. 


(b) Definitions - Sidereal time - Point of 
equinox from which sàyana position of sun is 
measured on krànti vrtta (ecliptic) is moving 
backwards on ecliptic. Position of sun from this 
point along ecliptic is rasi of sayana sun or 
longitude. Position of sun along equator is right 
ascensian. If measured relative to.local horizon of 
earth, position of sun along equator is nata kala 
or sidereal time, measured from zenith position of 
sun i.e. 12 hrs noon. Hence right ascension, also 
is written in hours. (It may be called visuva amá$a 
or hour angle). 


When motion of equinox is assumed uniform, 
time measured from it, is uniform sidereal time. 
From the true position of equinox, it is called true 
sidreal time. The differnce beetwen them is less 
than 1/10 seconds and normally ignored. 


Sidereal time is west wards, because equinox 
point is moving west wards like sun due to 
eastward daily motion of earth. It is the time in 
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hours after the instant equinox point has crossed ` 
the meridian (north south vretical circle of a place). : 
Its circle is completed in 24 hours by definition, 
hence 1 hour movement = 15° (=360°+24) Position 
of planet in hours of right asencion is 15° per hour 
counted from equinox position along ecliptic. 


ecliptic 


Equator 


Figure 15 
(c Mean time - 

Mean sun M is a fictitious point which moves : 
along equator with average angular velocity n of 
actual sun. pen. 

Since sun completes one rotation in a sidereal 
year both along ecliptic and along equator, its mean 
speeds are same in both the circles. Mean sun on 
ecliptic is M1 and true sun S. - both coincide at 
perigee or apogee (mandocca). Y is point of 
intersection of ecliptic and equator. 

Y M = right ascension of mean sun 

Y Mi = mean longitude of sun 

Y S = true longitude of sun 

Y M = Y Mi = nt after time t. 


Mean time at any place is called local mean 
time (LMT) Since it will continuously vary at every 
place, local mean time of Greenwich is considered 
standard for the world called Greenwich mean time 
(G MT) 
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r 


G A B Figure 16 

Let A be a place east from G and B another 
place further east. Longitude difference of A and 
B is expressed in hours (1 hour = 15°). 

Let AB = 1 hours = 15 1° 

If S and S’ are local sidereal times at A and 
B any instant. 

$2148 

because Y will cross meridian at B, 1 hours 
before meridian of A its west ward motion. 


a 


Similarly if M and M’ are local mean. times 
at A and B at any instant. 
M'-:14M 


l is same in both formulas because hour angle 
and mean sun both increase 360* in 24 hours. 

To avoid inconvenience due to differences in 
the local times of various places in a country, the 
local time of a chosen meridian is regarded as 
standard time. All the places in that country keep 
this time and not the local time. Thus the standard 
time of India is exactly 5-1/2 hours ahead of GMT 
ie. time of a place 82°30’ east of Greenwich. In 
very large countris like Russia or USA, the country 
is divided into zones, each having a differnt 
standard time. For further convenience, the stand- 
ard times of these time zones differ from GMT by 
an integral number of hours or half hours. 

Hour angle measured at Greenwich from 12 
hours noon time is called Greeenwich mean 
astronomical time. (GMAT) and measured from 0 
to 24 hours.. Meantime reckoned’ from mean mid 
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night at Greenwich is called Greenwich civil time 
(GCT), GMT or universal time (UT). This also is 
measured from 0 to 24 hours. 

GMT = GMAT + 12^ 


Same is for other places also. 


1. (d) Mean and Sidereal conversion 

In one solar year (tropical, sun crosses 
Y again after one circle. 

It takes K = 365.2422 mean solar days, i.e. K 
revolutions of earth with respect to sun. Hence 
there are K + 1 revolutions of earth with respect 
to Y or any star. Thus 

K+1 sidereal days = K mean solar days 

K+1 sidreal hours = K mean solar hours etc. 


1 Sidereal days = 1 + mean solar day 


1 
K+1 
= 23h 56" 4.1 S mean solar units. 

Mean solar day - n sidereal days = 24h37" 
56.5s sidereal hour etc. 

1 (e) Years : Sidereal year is time taken by 
sun for one complete revolution with respect to 
stars on ecliptic which are fixed. 

Tropical year is average interval between two 
successive returns of sun to the first point of Aries 
(Y). As Y moves backwards in about 26,000 years, 
tropical year is slightly shorter, 

(a) Tropical year = 365.2422 mean solar days 

(a) Sidereal year = 365.2564 mean solar days 
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(2) (a) Equation of time 
; From the watches we get 
mean solar time only and 
we can get the local mean ecliptic 
time after longitude correc- 
tion from standard time. To 
know the true solar time or 
apparent time we have to 
add some correction (+ ve 
or - ve) called equation of 
time. Let 


E - Equation of time. 


Equator 


Figure 16 


a - Right ascension of sun (distance from 
Y along quator - Y D) 


0 = true longitude of sun = YS along ecliptic. 

l = mean longitude of sun. 

Then, by definition, 

E = West hour angle of sun - West hour angle 
of the mean sum 

= (S-a) - (S - RA. of mean sun) 

= (S-a) - (S-l) = l-a 

This can be written as 

. E = - (a-0) - (0-1) 
Here - (a-0) is called the equation of time due 


to obliquity, because if equator is not oblique a - 
9 measured along any circle and this term a-0 = 0 


Similarly, - (@-l) is called the equation of time 
due to eccentricity. 


In the spherical triangle Y SD of figure 16, Z 
= 90°, 


so Cos € = tan a cot 0 


448 Siddhanta Darpana : 


where £ is angle beetween equator and ecliptic - 
Or tan a = cos £ tan (0-a*a) 


Expanding this by Taylor's theorem and 
neglecting higher powers of ¢ and 6-a, 


tan a - (1-2) [tan a + (0-a) seca] 


E 


or tan a-tan a + (6-a) Sec’a - 5 tan a, approx. 


: p^ o; ; mm 
i.e. 0-a = 7 Sin a cos a = T Sin 2a, 
Since a = l nearly, we can write 
2 
Ee 
0 -a= 7 sin 21 


which is the required value of — (a-0). Often: 
a-0 is called the reduction to the equator, because 
a-0 added to ecliptic co-ordinate 0 reduces it to’ 
equatorial coordinate. 


Again 0 = v+D 
where D is position of perigee and v is true 


amomaly, true position of sun measured from 
perigee. 


l=m+D 

where m is mean anomaly. 

So, 0-1 = v-m = 2 e sin m, nearly. 
Thus E = 1/4 e? Sin21 - 2 e sin (l-D) 


where E, € and e (eccentricity) all are 
measured is radians giving numerical values. 
Expressing it in minutes. 


E = 97. 9 sin 21 - 7? 7 sin (14787) 
: 2. (b) A more accurate value-Put y = tan? 


Then 


£ 
E 
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J= 
cos € = EE 
1+y 


; 1- 
and so tan a - —Y tan 0 
1+y 


ek — 1 
e?! +1 
where e = base of natural logarithm, we have 

e"-1 1-y e30-1 

&?l q14y'^e8€041 

or e? = e +y z en? (1 + y e*) 

l- ye? 14 yew? 

Taking logarithms this gives 

2ia = 210 + (ye?? 1/2 yet? + 1/3 y? e it) 

- [ye ? - 1/2 y? e*? + 1/3 ye -..) 

= 2i 0 - 2i (y sin 2 0) - 1/2 y? Sin40 41/3. y? 
Sin 60) 


Using exponential formula, tan x - 


or &-a = y sin 20 - 1/2 y? sin 4 0 + È yè Sin 
60 ---- (1) 
Again 0 - l = v-m 


=2esinM+ +e? sin M +- - - - 

= 2e Sin (l-D)) + 5/4 e Sin 2 (LD) + - - - 
(Introduction to chapter 6) 

Eliminating 0, we get 


E = ka == tan? 5 Sin 2 1 - 2 e Sin (l-D) 


+ 4e tan? 1/2 e Sin (I-D) Cos 21 
- 5/4 e? Sin 2 (D) - 1/2 tant 5 Sin 4l 
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The equation of time vanishes four times in 
a year. 

E = 9" 9 Sin 2l - 7" 7 Sin (14787) 

If we draw sine curves for y == 9". 9 Sin 2I 
and y =7.7™ sin (1 + 78°) and substract one ordinate 
from the other, we get the graph of E, From graph 
is can be seen that it vanishes four times around 
23 march, 22 June, 22 September, 22 December. 


Sin 2 l attains max numerical values of 1 four 
times in a year and is alternately positive and 
negative at three times. Hence first term twice has 
value + 9.9 minutes and twice - 9.9 minutes 
atternately negative and positive. Thus E is 
alternately positve and negative, because second 
term is smaller numerically. Hence E is zero four 
times a year from theory of equations. 


(3) (a) Parallax : At any instant, the moon 
has slightly different directions as seen from 
different places on the earth. Sun’s direction 
changes much less with the change in position of 
the observer, because sun is more distant. In case 
of stars, which are far more distant, the difference 
in their directions as seen from different places of 
the earth is too small to be measured. But seen 
from different places in the earth’s orbit, (i.e. at 
different times of the year), the change in the 
direction of the comparatively nearer stars is 
measurable. 

The change in the direction of a celestial body 
as seen from different positions is called parallax. 

For calculation of sun, moon and planets, we 


choose earth’s centre as the standard position 
(origin of coordinate axis) from which distances are 
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calculated. Due to observation from surface of 
earth, there is parallax error, called geocentric 
parallax. 


For calculation of star position, sun's centre 
is the standard position and difference in direction 
due to measurement from different positions of 
earth's orbit, is called stellar parallax. 


As geocentric parallax depends upon the 
distance of the observer from earth's ceentre, we 
begin by considering the shape of the earth. 


3 (b) Shape of the earth - Surface of earth 
deteremined by ocean level is called the geoid, 
heights of places above mean sea level being. 
negligible. It is an oblate spheroid i.e. rotation of 
ellipse along its minor axis coinciding with polar 
axis of the earth. Semi major axis a of the 
generáting ellipse (equatorial radius) is 3963.95. 
miles and the semi minor axis b is 3950.01 miles. 
The fraction (a-b)/a is called the compression; 
Eccentricity of this ellipse e - 0.082., compression 
- 1297. 

Let C be the centre of 
the earth, O the observer 
at any place on its surface, 
OZ the normal at O to the 
surface and OZ' the direc- 
tion which produced back- 
wards passes through C. 
Then OZ is the direction of 
the astronomical Zenith, OZ' that of the geocentric 
zenith. Angle between these directions ZOZ' is 
called the angle of the vertical indicated by V. 


If b and ®’ are the angles made by normals 
NOZ and line COZ’ from centre with major axis- 


p = geographical latitude of O 


Figure 17 
angle of vertical 


452 l Siddhānta Darpana. 
®’ = geocentric latitude of O 
v=- 
If ellipse is referred to C at origin, it is 


ae 


a? b 
a? y 
Then, Tan ®= —~ - - (1) 
b° x 
p 
and tan ¢’= — tan ® 
ipi. 


tan ® — tan b * 
1 + tan b tan b ' 
_ (a? — b? tan ® E (a — b?) sin ® cos ® 
Em b? ta? & g a? cos? Ọ + b? sin? ® 
(a? — b*) sin 2 ® |— msin2o 
a? + b? + (a?-b)cos29  1*mcos24 
2 


where m = FET which is small 
i a^ b i 


Thus, tan v = tan (P—®’) = 


1+itanv 1 + m (cos 2 + i sin 29) 
l-itanv 1 + m (cos 2p — i sin 2p 
viv _ 19 mé)? 
or, e& = 14 me 95 
Taking logarithms 
2 iv = log (1 + me?? ) - log (1+me?# ) 


. 1 ; ij . 
= me? - 2 me“? + — (me 79— m? e% +--} 
Hence, v = m sin 2 - 1/2 m? Sin 4$ 
1 2 
ts m? Sin 6 $ 


Distance of the observer O from centre C is 
indicated by p 
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Wa yb 1 
acos¢ bsing V (a cos? & + B sin? d) 


a* cos? p + bf sin? $ 

a? cos? $+ b? sin? $ 

a! [1 — Qe? - e*) Sin? 4] 

1- e sinl ® 

on writing b^ = a? (l-e?) and simplifying 
P 


So p-x4y- 


Figure 18 
Geocentric parallax 


3 (c) Geocentric parallax in zenith distancee 

In figure 18, let C be centre of earth, O is 
observer and M the centre of moon (or sun or 
planet), Let CO = p, CM =r 

If Z’ is a point on CO produced, apparent 
zenith distance z’ of M is ZZ'OM and true (i.e. 
geocentric) zenith distance zo of M is ZZ'cM. 

Hence z' - zo - parallax in zenith distance 

= ZOMC = p . 

. From plane triangle OCM 

Sin p = (p/r) Sinz’ ............ (1) 

Maximum value of parallax p is when z' = 90°, 
it is called horizontal parallax pa of M at O. 

Sin pn = p/r 

If O is at equator, then the parallax is biggest 
as p has highest value a, equatorial radius. The 
horizontal parallax at equator Po is 
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a^ 
Sin Po - - 

r 
When moon (or the sun) is at its mean : 


distance, ro from earth, mean equatorial horizontal. 
parallax P is, Sin P = a/ry 


For parallax, earth can be considered almost | 
a sphere then, astronomical and geocentric zeniths : 
coincide, z’=z, p = constant = a. We take r = r, 
approx, then approximate value of parallax is 

p=Psinz-- - (2) 

Since z’ > zo, moon, sun or planet is. 
distanced away from zenith by distance P sin z 
approx due to geocentric parallax. This is also called 
diurnal parallax as it goes through a complete cycle 
of change through a day. Parallax is maximum 
when moon or sun rise on horizon, reduce to zero, 
when on zenith and again become maximum when 
they set in west horizon. 

3 (d) Distance and size of moon is calculated 
by parallax method only. ` 


O; and O; places on same meridian are 
chosen. Apparent zenith distances of M are 


zi = 22)’ OM 
zř = LZ; OM 


Figure 19 
Moon's Distance 


pi and p2 are parallax angles O; MC and O2 
MC, when C is centre of earth 
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If CA is in the plane of equator, 
£O1CO; = Z O, CA + ZO; CA = 6$, + & 
` where d, and 4»; are geocentric latitudes of 

O; and O2 

Then z'1 + z2 220, CM + pitZO2 CM + P: 

= ği + $ + pi t+ p 

Thus pi + p2 = 2 + z'2 — ($1 + 4» ) = 0..(Yj 

Because all values on right side are known, € 
is known. 

Sin pi = (pir) Sin zi - - - (2) 

Sin p2 = (pt) Sin z2 PSS (3) 

Eliminating pı and p; from the three equa- 
tions, we can know moon's distance r = OM 


It is more convenient to find value of p» firs! 
and then calculate r. From (1) and (2) 

Sin 0 cos p; - Cos 0 Sin p» = (pir) Sin 21’ 

or Sin 0 cos p; JH sin Z'? cos 0 + E Sin z’: 

Eliminating r between this and equation (3), 
we get 

i | p2 Sin z'; Sin 0 

an P? = bz Sin z' cos 0 + pı sin Z1 
This gives p» and then (3) gives r. 


Figure 20 
Moon's diameter 
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In figure 20, let moon's observed angular 
semi-diameter be S and let its linear radius be R 
miles. If the distancee of moon is r miles as- 
determined above, Sin S = R/r from which R can 
be determined. 


In India, parallax in zenith distance is called 
‘nati’ and parallax in longitude is called "lambana'. 
Lambana can be measured along equator or along 
ecliptic. Parallax calculation of moon and sun is 
necessary for calculation of solar eclipse. 


3 (e) Lunar parallax along equator and kranti- 
Mean equatorial horizontal parallax of moon is 57’ 
and for sun it is 8".80 i.e. 1/388.6 of moon's, 
parallax. Hence, accuracy is needed only in 
calculation of moon's parallax. 


Figure 21 
Parallax in natakala and kranti 


In fig. 21, M and M’ ar true and apparent 
(due to parallax) positions of Moon (or sun) 


MM’ = © Sin z 
where, p = distance of obsrever from centre, 


of earth, r = distance of moon from centre of earth * 
and, z’ = geocentric zenith distance Z'M. 
m os 
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Right ascension and krànti of M and M' are 
a, ô and a'ó'. Let H and AH be their hour angles 
(nata kala). ; 

. MD is perpendicular to PM’ and 2 MM’D = 
? 

Small A MM'D can be taken as a plane 
triangle, so 

_ _ MD _ MM MM sin 7 
^Aa=a -a=-AH=- Sage sin PM 

| g sinz’.sing 

rr cosó -— 

By sine formula in A Z' PM’, 

Sin 4 Sin (z’ + MM’) = cos ® Sin (H+AH) 

Hence A a = plr Sin z' Cos Sin (H+ AH) 
X cosec (z’+MM’) / Cos 6 

or A a= plr cos ® Sin H sec - - (1) 

neglecting small quantities of second order . 

Similarly Ad = ó' - 6 = - M'D =- MM’ cos y 
= plr Sin z' cos 7 - 

From cosine formula in A P’ZM 

Sin (z’+MM’) cos y = Cos 0’ Sin $' 
— sin ò .cos P cos (H + A H} 

Substituting this value of cos 7 and neglecting 
small quantities of second order 

A 6 = - plr (cos ô sin ®’- sin ô cos ®’ cos H) - (2) 

Regarding earth as a sphere of radius a, we 
can write p and ©’ instead of a and ¢. 

Similarly parallax in longitude (along ecliptic) 
and latitude (Sara) can be calculated by considering 
P as pole of the ecliptic. Then great circle through 
P and Z’ will cut the ecliptic at T called ‘tribhona’ 
lagna as it is 90° less than the rising point of 
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ecliptic on horizon or lagna. Hence T = Lagna -90". 
If t is distance between Z and ecliptic (at T), then 
it is sara of z or declination of T (tribhona). PZ’ 
= 90° -t then. In stead of nata kala H we take 
distance of moon from tribhona i.e. v and f is 
latitude in stead of kranti . 


Then (1) becomees, A 1 = lambana - 
Al = - plr cost Sin v. Sec f - - - (3) 


At eclipse time, B = almost 0 and sec f = 1. 


Equation (2) becomes 
AB = pit (cos B. Sin t - Sin B. cos t. cos v) ---(4) 
At eclipse time f = 0 (almost), so cos £ = 1, 
Sin B = 0 
AB=-pi/rsint. --- - (4a) 
(f) Stellar parallax : 


In figure 22, let X’ be a star, S the Sun and 
E the earth. Let EX be parallel to SX'. Then EX is 
the true direction of the star, viz its direction as 
seen from the sun and EX' is the apparent 
direction, viz, the direction of X' as seen by the 
Observer on the earth. The difference between these 
directions is the angle X'EX which is equal to the 
angle SX'E. 


x 


Figure 22 - Stellar purallax 


Three Problems of Daily Motion 459 


Let Z SEX’ = 0' 2 SEX -0 

SE = a and SX’ = d 

Then from the triangle EX'S in which ZEX'S 
= 6-0’, we have 

. Sin (0—0^) = (a/d) Sin 0 - - - - (1) 

Let a/d = Sin |] : then II is called the star's 
parallax (helio centric or annual parallax). Neglect- 
ing second and higher powers of the small 
quantities 0—0' and II, (1) becomes 

0—0' = II sin 0 

which gives the displacement of the star due 
to parallax. 


EX, EX and ES are in same plane, so X, X1 
and S are on the same great circle in celestial 
sphere of the observer. Thus the displacement of 
star XX' on sphere - [[ Sin XS (S is direction of 
sun on sphere). 


Parallax in longitude and latitude - 


In figure 23, X is 
true position of star 
in celestial sphere, as 
seen from Sun at S. 

X' is its apparent 
position affected by 
parallax as seen from 
earth (ceentre of the Figure 23 
sphere). Longitude and latitude of stellar parallax 

MM' is ecliptic and K its pole. M, M' are the 
points on ecliptic at which KX and KX' cut. XD is 
perpendicular from X on KM’ 

Let / X* XD- v 


Parallax is II, 
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A,B and 4, B, are longitude and latitude of X 
and X', then 


AÀA-AÀ-—A-XDSecf = XX cosV sec p 

= [IĮ sin X s. cos V sec f 

= II sin MS Sec £ 

from the A XMS, in which ZX = 90° - V 

i.e. AA = IL Sin (09-4) Sec B. ........ (2) 

where 0 is the longitude of the sun. 

Similarly, AJ = fp’ -B - - XD 

= — XX sin Y 

= — II Sin XS. Sin Y 

= — IJI Sin B cos (0 =- À)  ....... (3) 

by applying sine cosmic formula to AKXS 

Parallactic eclipse : If we take X, true position 
of star as origin, XK as the y-axis, where K is pole 
of ecliptic and XD (perpendicular to XK) as x-axis, 
the coordinates (x,y) of the apparent position X’ 
of the star are given by 

x = XD = II Sin (0 - 4) 

andy = - XD- - II Sin £. cos (0-4) ` 


Eliminating 0, we see that locus of (x,y) is 
the ellipse 


52 M y, 
IT [IP sin? B — 
During the course of a year, the star appears 


to describe this ellipse, which is known as the 
parallactic eellipse. 


If M, M' are taken as positions of X, X! on 
equator and T is position of sun on equator, then 
right ascension and declination can be similarly 
calculated. 
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A a = II (cos a cos € Sin 0 - Sin ad cosO) 
Sec ô 

Að = II (Cosó Sin £ Sin@ - Cos a Sind Cos 0 

- Sin a Sin 6 cos €. sin 0). 

The parallax is used to measure stellar 
distances. Star is seen from the two positions of 
earth six months away (i.e. 180° away in its orbit). 
Direction of a star is seen with respect to a far i.e. 
faint star. Nearest star has parallax of only 0".76 
corresponding to a distance of 


93,000,000 = — |76 X 7 miles - 2.55 
ue * 60 x 60 x 180 ee E 
X 10% miles 


This is used to define steller distance in units 
of parsec which is the distance for which stellar 
parallax will be 1". Another unit is light. year, 
which is the distance travelled by light in 1 year 
at speed of 1,86,000 miles/sec 

1 par sec = 19 X 10" miles. 

1 light year = 6 X 10” 

Stellar parallax is not used in siddhanta texts, 
but have been indicated only to show the other 
kind of.parallax. Only in goladhyaya it has been 
mentioned (also in discussion of sighra paridhi in 
chapter 51 that stars are 360 times the distance of 
sun. This distance is much more and its parallax 
is no way connected to change of Sighra paridhis 
in different quadrants. 

(4) (a) Refraction : The apparent direction of 
any planet or star changes due to bending of rays 
coming from that on earth due to refraction in its 
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atmosphere. This is called 'Valana' in siddhànta 
astronomy and is calculated empirically. 


Effect of parallax (nati in kranti or lambana 
in longitude) is to shift the planet away from 
zenith. But due to refraction (valana), the planet 
appears higher i.e. closer to zenith. Both are 
maximum at horizon and zero for zenith. 


It is difficult to make exact calculation on the 
basis of refraction rules, even according to modern 
theories of physics. We obtain some formula after 
some simplifying assumptions about variations in 
density and refractive index of different layers of 
atmosphere. In siddhànta books, calculations are 
based on practical observations and the correction 
is assumed to vary according to natajya as in 
parallax. 


According to modern electromagentic theory, 
refraction of light is due to its reduction of speed, 
when it enters a material medium from vacuum. 
Since it is an electromagnetic wave, its speed is 
reduced due to dielectric properties of the medium, 
which has effect like resistance. The reduction in 
speed is more in denser medium. Ratios of speeds 
is called refractive index. 


Speed of light in vaccum 


Speed in dense medium 
index. 


= p = Refractive 


Since speed of light is maximum in vacuum, 
Į is always greater than 1. When it comes from a 
lighter medium to material of higher deensity, then 
also its speed is reduced 


Speed in medium A pi 


Specdioflight medium B a Consti 
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u, #1, and #2 are constants for the mediums 
and increase with their density. 4j and 4? are 
refractive index of mediums A, B. 


t 

t 

a 

! 
[e N' 


Figure 24 - Plane 
refraction 
Due to wave nature of light, a ray AB entering 
a denser medium at B, bends towards normal NN 
to the boundary surface DE. If its angle of incidence 
with normal is 0 and angle of refraction then 
(figure 24) l 


This is a constant depending only on the 
optical properties of the two media. 


Figure 25 Cassini 
refraction 


4. (b) Atmosphere assumed homogenous 
Shell- This is called Cassini's hypothesis and is 
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simplest assumption. In figure 24, let O be the 
observer on the earth, A a star (or planet) and 
APO a ray which reaches O after refraction at P 
on the upper surface of the atmosphere. Let u be 
the refractive index of the atmosphere. Then the 
angles being as marked in the. figure. 

Sin 0 = u Sin 9 - - - (1) 
But from the plane triangle OPC, if radius of earth 
is a, and the height of the atmosphere is h, so 
that CO = a, CP = ath, we have 

Sin 0 = u Sin ® 

sin č sin o 


== Q0 


ath a 

Refraction R= 0 -@® - - (3) 

To eliminate 0 and ®, from (1) and (3) 

Sin (R+®) = u Sin ^ 

or approximately, for small. R, Sin R-R, Cos 
1 


R cos ® + Sin ® = u Sin ^ 
Therefore R = (4-1) tan ® 
(u —1)a sin€ 

~ Ka +h)? - a? sin? t]? BY 

(u — 1) sing 
[cos? £ +2 (h/a)]^ 
(u —1) tan € [1 + Q2») sec? £] ?? 
approximately 
(u — 1) tan € [1 — a) sec? £] 
(u — 1) tan £ [1 — a) (1 + tan? £)] 
which is of the form 
R = A tan £4 B tan? £ 


approximately 
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The simple formula R = K tan £ is true for 
values of € not exceeding about 45°, this formula 
is true for values upto 75°. l 

4. (c) Concentric layers of varying density : 
This assumption also gives the same formula, by 
an approximate method. 


C. 


Figure 26 
Concentric layers of varying density 
Suppose that any layer of the atmosphere is 
bounded by concentric spherical surfaces AB, A'B’ 
and that PQR is a portion of a ray of light which 
finally reeaches the observer O on the surface of 
the earth. 


Let C = Centre of earth, CQ = r, CR=r+ Ar 
Then the normal at Q to the surface AB is CQ. 
The angles and refractive indices are as marked in 
the figure. 


From the laws of refraction , 
u sin $— (u - Ap) sin V — .. (1) 
© From plane ACRQ 
sin ($ + A È) sin V 
r TU Ar 
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Eliminating V, we get | 

u r sin = (u + Ap) (r + Ar) sin ($ + A9) 

As this relation is true for any two consecutive 
layers, u r sin ® has the same value for every. 
layer. 

2 on surface of earth, r = a (radius of earth 

= € (apparent zenith distance) 

u n Ho, (say), depending on density and 
temperature of atmosphere, so 

u r sin ® = moa sin é ..... (2) 

Amount of refraction at Q (say AR) = ® - Y 
so (1) gives. 

u sin Ọ = (u + Ap) sin (P - ^ R) 

= (u + Au ) (sin ® — AR cosi) approximately. 

= u sin Ọ + Au sin Ọ — A R. u cos ® 

so, AR = (Au/u) tan ® 

Eliminating with help of (2), we have 

auo, sin 

ww - sub sint E * 

To solve the differential equation (4), we 
assume 


. AR = 


r 
— = ] +s 
a 


Where s is small, because the earth's atmos- 
phere extends only to a comparatively small 
distance from earth's surface. Putting this in (4) 
and integrating, we get. 

R= auo sing f^^ u -1 al (u — u2 sin? t 2s 2) “du 


Three Problems of Daily Motion 467 


or R= f^ u^? wus sin? t) 7 


2s u? 
14 ———ÀL———| “a 
| 2 2 sin? 1 H 


neglecting higher powers of S. 

It is assumed that z is sufficiently less than 
90° to ensure that the denominator u? — uo? sin? č 
is not very small 


i du 
or R =#0 sin t f^? —ÀMÁ—ÀÓ—M 
1 n (u^ = ue sim t) ^ 

su du 


0 
lo sin § f^ Ge crudi sun ye . (5) 


To integrate first term, wee put l/u = t then 
it is sin! (ug sin£) — £ 
ie. sin![ (14x) Sin £] - č , putting 
Ho = 1-x 
To expand the first tern by Maclaurin’s 
theorem, 
let f(x) = Sin | [(1+x) Sin£] 
sin à 
V1 — (1 + xř sin? £ 
Thus f (O) = Sin! (Sin &) = & 
l sin € 
f = IROOM = 
and f (O) Fuss tan & 
Thus the first term in (5) is equal to x tan ¢ 
approximately, neglecting higher powers of x. 


Second term in (5), has a small quantity s as 
a factor. So its coefficient is changed slightly. 
Putting u = wo = 1 in it, the term becomes 


Then f(x) = 
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— sin £ “0 
cos? C s ER 


Now by Gladstone and Dale's law 

B-litgG 

where p is the density of the layer with 
refractive index „u, and c is a constant. This gives 


du = cdp 
If po is density of the air at surface.of the: 
earth, the second term becomes - 


-c f; sdp 


Integrating by parts, and supposing that s - 
s' when p = O, this becomes 


sin £ 
cos? £ i; pds 


The intgrated part vanishes at both limits (p 
= 0 at one limit and s = o at other). The remaining 
integral is equal to mass of a column of air of unit 
cross section, extending from surface of the earth 
to the point P = O. It is, therefore, a constant and 
can be written as B tan č sec? £, where B is a 
constant. D 

Thus R = (go - 1) tan € + B tan £ (1+tan? £) 

which is of the form 

R = A tant + B tan? € 

Bradley’s formula : He assumed 


r u™! = constant 
Also ur sin $ = constant - from equation (2) 
Therefore, by division 
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n 


lid = ae 
P const. (6) 
By logarithmic differentiation 
us cos o . ae 
Hu du 


dR 
From equation (3), dui =~ tan $ 


m 
From these two equations 
= (In) d® 
Integrating from the surface of the earth. 
(where r-a, 4 = fo and o = ¢) to the upper 
boundary of the atmosphere (where L71, r=r and 
p = ®’ assumed) 


we get R= I/n(€-')-- - (7) 
H8 1 
Brom (0) um sin o 
ie. sin — Mt 
Ho 
Then (7) becomes, R tg- n! = (sing), 
Ho 


This is known as ee s formula 
This can be written as 
sin ¢ 

sin (6 — nR) 
: sing —sin(£— nR) _ 4o"-1 
. sing + sin (6 + nR) Ho" +1 
m tan (6 — ; nR) 
Writing 1/2 nR for tan 1/2 nR we get 


n 


= Uo 


1 
tan = nR = 
or tanjn 
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2(uo^ — 1) 
n (uo ^ + 1) 


This is Bradley's formula. 


R= tan (6 -5 nR) 


4. (d) Determination of constants - In figure 
27, let X and X; be true positions of a circumpolar : 
star at its upper and lower culminations (positions * 
on meridian). Then Js 


Figure 27 
P Xi = PX, = 90° -d, 


PZ = 90° - ® , 

Therefore, ZX; = (90°- $ ) - (90°-6) = ô - 9 

ZX2 = 90° — d+ 90° - 6 = 180 -$-ó 

Hence ZX, + ZX; = 180° — 2¢...... (1) 

If the apparent zenith distances at upper and. 
lower culminations are € and ¢ then 

ZX + ZX. = ZE + Ze (la) 

Zz =f +Atan€ +B taç 

ZU = +A tang ‘+B tan? & 

Putting this value in (1) we get one equation 


in € and - £'. Equation of two more such stars 
will be used to determine A,B and ^ . 
Numerical values of A and B for a pressure 


of 30° of murcury and temperature of 50° F (or 
10'c) are 58".294 and — 0”. 0668. 
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For values of £ greater than 75^, special tables 
are used based on observations. The refraction 
when a body is in the horizon is called the 
horizontal refraction, and its value is about 35'. 


From equation it wil be » for ¢€ = 90° as 
tan 90° = ©, hence equation is not correct for such 
values. ` 


Figure 28 

(o) Refraction in visuva arhéa and Krānti - In 
figure28, let X be the true position of a star and 
X its apparnt position as affected by refraction. 
. Then ZX’ X is a great circle and XX = K tan £ 
where £ is the apparent zenith distance ZX’. Let 
the hour angle (natàm$a) and kranti (declination) 
of X be H and Ó for X’ these be H' and 6. 

Join PX; PX' and produce them to meet the 
equator in A and B. Draw X'D perpendicular to 
PM. Then, since XX' is small, the trianlge XX' D 
may be regarded as a plane triangle. 

Now the correction to be added to the 
apparent right ascension a' to obtaint the true right 
ascension (Visuvàam$a) a is a-a'. But 

a-a’ = - AB = - X D sec XD 

(as X D is almost equal to arc X' D with 
centre P) 
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= - X'X Sin n Sec ð 

= - K tan € sin 7 sec ð 

ny is given in APZX, by sine relation 

sin (90° - D) _ sin H 

sin 7 sing 

as PZ =90°- ¢, ZX = €, so, 

sin 7 = Sint cos $. Sin H 

Similarly the correction to be applied (added) 
to Ó is 6-0 But ô -ó = — DX = - XX cos y 

= — K tan € . cosy 

4. (f) Effect of refraction on sun rise and 
sun- set 

Hour angle (natamSa) H of sun's centre when 
rising is (Figure 29) 

CosH = - tangtand - - - (1) ` 

where ¢ is latitude of the place and 6 is 
declination (kranti). 

Let H + AH be the natàmáa of true sun 
when the apparent sun is rising. At this instant, 
the true sun is really 35’ below the horizon, its 
true zenith distance being 90° 35’. Hence, from the 
AP SZ 

cos (90° 35") = Sin $ Sin 6 + cos $ cos ô 
cos(H + AH) 

; or, - sin 35 = Sin @ Sin 6 + cos $ . cos Ó 
(cosH — AH. sin H) d: 
nearly 

or -- Sin 35’ = - AH. Sin H. cos $ cos 6 


by (1) 
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Figure 29 
This will give the advance time of sun rise 
H in radian, it will be divided by sin 1' to get the 
value in asu. 


(1) is obtained from equation for natakàla 
cos H. cos ® . cos ô= cos z — sin $. sin 6 

At sun rise time, z = 90°, cos z = 0 

Thus apparent day length is increased and if 
sun rise at parama kranti time is measured, it gives 
a higher value of parama kranti. This may be one 
of the reasons for assuming its value as 24° instead 
of 23°27. l 

4. (g) Shape of sun’s disc at sunrise or sunset 
- Lower limb of the sun is at a greater zenith 
distance than the upper. Hence due to refraction, 
the lower limb is raised more than the upper. Thus 
the sun appears flattened. This effect is maximum 
when sun is near the horizon. 


Let S be sun's centre, a its radius and P any 
point on sun's limb. (figure 30) 

Let ZS = z and let PQ be the perpendicular 
from P on ZS, 

On account of refraction, let P be displaced 
to P' and let P'Q' be the perpendicular from P' 
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on ZS. Then, since QP is small, the zenith distances 
of Pand Q are the same. So PQ will be displaced 
to P'Q'. 

Now take SZ as the X axis and perpendicular 
to it through S as the y axis. Then if the coordinate 
of P' are (x,y), we have 
= SQ’ = a cos V + QQ’ 

a cos + K tan (z-a cos V) 
a cos + K (tan z - a cos V sec? z) - - - (1) 


x 


Figure 30 - Sun disc at rising time 
PP’ = K tan z where K = uw - 1 
Its component along PQ is 
K tan z cos V - - - (2) 
But from right angled triangle ZPQ 
cos V = tan PQ. cot z. 


Hence resolved part of refraction in PQ 
dirction is 
K tan PQ = K.PQ, since PQ is small 
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|y = PFQ = PQ - K. PQ 
= (1-K).-PQ = a (1-K) Sin? - - - (3) 
Eliminating ¥ from (1) and (3) , we see that 
the apparent figure of the sun is the ellipse 
(x — k tan zY " y? 
(a — ak sec? zy? a? (1 — k}? 
Thus sun appears elliptical at sunrise and 


sunset. 


-1 


Chapter - 8 
LUNAR ECLIPSE 


Candragrahana Varnana 


Verse 1 : According to views of smartta, vedic, 
purana knowers, there are unlimited good results 
from auspicious works at the time of grahana 
(eclipse) like bath, homa, charities etc. People 
repose faith on tithi calculations after seeing eclipse 
as predicted. Due to this importance, eclipse (solar 
and lunar) is described now. 


Notes : (1) This chapter describes the general 
methods applicable both to solar and lunar eclipse. 
Calculation of solar eclipse needs some special 
methods, which will be discussed in next chapter, 
named sürya grahana. 


(2) Auspicious effects of grahana are subject 
of 3rd part of Jyotisa called samhità and need not 
be discussed here. However, calculation of grahana 
is a very complicated process. If such a rare event 
occurs as predicted by calculations, it is an excellant 
proof of correctness of theories and formulas. 


Verses 2-6 : Possibility of eclipse. 


Lunar eclipse - At the ending time of Purnimà 
(when moon-sun - 180' exactly), difference of 
moon with rahu and ketu is calculated. When this 
differncee is less than 13°, then lunar eclipse is 
possible. 
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Solar eclipse - Similarly, at the end of 
amavasya (when moon - sun = 0°), moon and its 
pata (rahu or ketu) are calculated. Difference of 
moon from any of the pata being less than 18°, 
solar eclipse is probable. 


We calculate amanta time (when sun=moon), 
from earth's centre. Pa$cima nata of candra X 1/3 
is substracted from this time and we again correct 
the true moon at this corrected amànta time. 


Again we calculate, vitribha (tenth lagna) for 
this time. 1/60 of its natajya is added to second 
true moon of this time, when moon and nata are 
in same direction. We substract, when they are in 
different directions. If this is less than 34 then, 
solar eclipse is probable. 


Sometimes, when south nati (in meridian 
circle) is less than 1°30’ then solar eclipse is 
probable. When drgvrtta is kranti vrtta, then 
difference of candra and its pàta being less than 
7', solar eclipse is possible. i 


Notes : (1) Reason of eclipse - When moon 
passes into the earth's shadow, it fails to receive 
light from sun. This causes an ‘eclipse of moon. 
This can happen only when the sun and moon 
are on opposite sides of earth, i.e. on full moon 
time (Pürnima when moon-sun = 180°.) 


Figure 1 - Lumar eclipse 
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‘Let S be the centre of the sun, E of earth. 
The cone touching sun and earth has its vertex at 
V. Then the portion of cone from earth upto V is 
the shadow cone of earth called umbrà (bhübhà). 
This is completely dark as no light from sun reaches 
in that portion. 

Another cone is formed by tangents in 
transverse direction with vertex in opposite direc- 
tion between earth and sun. The portion of this 
cone after earth and beyond umbra (shadow) is 
partly dark and called penumbra (avatamasa). 

Mi, M4, are points on moon orbit at boundary 
of penumbra, M2, M3 on boundary of umbra. 
Between Mi M2 or M3 M4 portion, brilliance of 
moon is reduced, which are described as colour of 
eclipse but no eclipse is formed. In portion of orbit 
M2 M3 completely within the shadow cone of earth 
(bhibha), there is an eclipse. 


At point 1, moon’s disc just starts contact 
with, shadow, this is called first contact or 'spar$a' 
(touch) kala. At point 2 moon’s disc just enters 
completely in the shadow called second contact or 
‘nimilana’ or ‘sammilana’ (closing the eyes). When 
complete eclipse is about to end i.e. moon's disc 
starts coming out of shadow at point 3, it is called 
third contact or ‘Unmilana’ (opening the eyes.) 

At point 4, moon completely comes out of 


shadow. It is called fourth contact or mokéa kala 
(freedom time.) 


When the moon is not completely eclipsed, 
the times of maximum eclipsed portion correspond 
to 2nd and 3rd contacts. 
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Figure 2 - Solar Eclipre 

(2) Reasons of solar eclipse : An eclipse of 
sun is caused by moon coming in between the 
observer and the sun. If the whole of sun is hidden 
behind the moon, we have a total eclipse. If moon 
covers only part of suns disc, we have a partial 
eclipse. When apparent diameter of moon is smaller 
than sun in a total eclipse, the eclipsed part of 
sun is surrounded by visible circle of sun, it is 
called annular eclipse. These are called ‘sarvagrasa, . 
and, 'khanda grasa’ or kankana grahana respec- 
tively. This can happen only on amavasya, when 
sun and moon are in same direction. 


In figure 2, if observer is anywhere inside the 
shadow cone of moon AVE, the whole of sun is 
hidden from his view. If he is in the extended 
cone FVG, only the central part of sun is hidden 
by the moon. If the observer is within penumbra 
CAV or VAD (except FVG portion), he will see a 
partial eclipse of sun. It can be seen that at point 
O in extended shadow cone only the inner portion 
BB' of sun is obstructed. In this case, moon is 
smaller, so its shadow cone doesn't reach earth's 
surface. 


In this eclipse also, spar$a or first contact is 
time when eclipse starts. 'Nimilana' is time when 
maximum eclipse starts (or total eclipse) i.e. 2nd 
contact'. Unmilana or 3rd contact is when maximum 
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or total eclipse is about to reduce. ‘MokSa’, or 4th 
contact is time when sun is completely visible. 


(3) Why eclipse doesn’t occur on every 
purnima or amavasya?- 

The inclina- 
tion of moon's 
orbit to the eclipticy 
is about 5°. Hence 
the maximum dis- 
tance of moon's 
centre from the ecliptic is 5°. Now the axis of the 
earth’s shadow lies in the plane of the ecliptic. 
Moon's diamater is about 1/2° and diameter of 
earth's shadow at distance of moon is about 1-1/2°. 
So moon will touch the shadow, when its centre 
is at a distance from centre of shadow by less than 
1/2 (1/2 + 1-1/2°) = 1° approx. Thus, for most of 
the time, moon passes clear out of the shadow. 


Eclipse is possible only when moon is near 
N, the point of intersection of its orbit with ecliptic. 
The northern point of intersection, from where 
orbit goes north of ecliptic is called rahu and other 
southern pata is caled ketu. Hence, rahu and ketu 
are said to cause eclipse. 


For solar eclipse also, sun and moon should 
be in the plane of ecliptic, so that moon’s shadow 
touches the earth. Thus on every amàvasyà, when 
moon and sun are in same direction from earth, 
solar eclipse doesn't occur. Shadow of moon is 
almost a point when its shadow cone touches the 
earth or it may not touch at all. Thus its radius 
may be taken as zero, at distance of earth (from 
moon). Earth's radius makes an angle of about 1* 


, doit 
s 0 
'Woon 


Figure 3 - Lunar eclipse not occurring 
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at moon. Hence as distance between shadow centre 

and earth centre less than 1°, solar eclipse is 
. possible. Thus within similar distance of moon from 
"its node, solar eclipse happens. 


In solar eclipse, sun is not covered, it is only 
locally obstructed, like obstruction of a cloud. Away 
from shadow cone at a short distance, sun is visible 
because parallax shift of moon is 57' compared to 
8".8 of sun, which is not obstructed there. 


Figure 4 - Earth's shadow in moon's orbit 


(4) Size of earth's shadow in moon's orbit. 

S and E are centres of sun and earth 

V is vertex of shadow (umbral) cone of earth. 

FA is one of generators of cone and v its 
semi vertical angle. 

Let moon: touch the umbral cone at N and 
NM be perpendicular to EV. 

Then s, the angle subtended by NM at E, is 
the angular radius of earth's shadow at the distance 
of moon. 

ZENA = P, = horizontal parallax of moon 
approximately as AE is almost perpendicular to 
EM. 

S = sun’s angular semidiamter, P = horizontal 
parallax of the sun - a/r. 


a = radius of earth 
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r = distance of S from E. (sun from earth). 

R = radius of sun. 

Then s = P, - v from ENV of which P; is an 
exterior angle. 
Pı - ZKES, if KEI I AF 
P,-KS/SE nearly as SF is almost perp. to SE 
Pi - (R-a) /r a 
P +P; - S. 

ors=P+P,-5 

This gives the theoretical value of s, but it is 
found that actual observations give the value 2%. 
larger, because earth’s atmosphere absorbs light. 

Angular radius of the penumbra at the 
distance of moon can be shown similarly to be . 
P+P;+S (S is angular semidiameter). y Mie 

Approximate value of radius of shadow is 
about 42’ after adding 2% for atmosphere. It varies . 
with change in distance of sun and moon from 
earth. 


As moon moves 360' in 29-1/2 days with 
respect to sun, i.e. with respect to shadow, it will 
be fully in shadow till it covers (diameter of shadow 
- diameter of moon) = 2X42’ — 30’ = 54' approx. 
The time in covereing the distance. 

60 T X, X 24 hours - m hours approx. 

This is the maximum duration of a total lunar 
eclipse. 

(5) Ecliptic limits of Moon—Figure 5 is 
. celestial sphere part for observer. N is node of 
. moon's orbit.. C is centre of earth's shadow: on - 


n 
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ecliptic. M is centre of moon. Moon’s orbit meets 
ecliptic at N which is its node. Angle betwen the 
orbits is i. 

In the diagram 
moon is just touching 
shadow. If C was C1^« 
when M was at N, 
then NC; is called the 
lunar ecliptic limit. If 
shadow is nearer then 
moon will definitely pass through the shadow. If 
C is away, moon cannot touch it and there will 
be no eclipse. Since M moves about 13 times faster, 
only moon's motion is being discussed. 


As sun is diametrically opposite to Cı and 
other node of moon's orbit is opposite to N; lunar 
ecliptic limit is also the distance of sun's centre 
from nearer node of moon's orbit at the instant, 
moon is crossing the ecliptic. 


Figure 5 - Ecliptic Limit of moon 


Let NC - x when moon is crossing the 
ecliptic. Let n, m be the angular velocities of the 
sun and the moon (radian per hour) in planes of 
their orbits. Let the time counted’ from moon's 
centre passing through node be t hours. Then at 
time t, 


NC = x + nt, NM = nit 

Taking NCM as a plane triangle, 

CM? = (x+nt)* + (ni?) - 2nit (x+nt) cos i- (1) 
CM is a minimum when t is given by 

2 (xtnt) n + 2nj/t - 2n; x cos i - 4 nint cosi 


by differentiating equation (1) with respect to t. 


484 Siddhanta Darpana 


Substituting the value of t given by this in 

(1) and simplifying, minimum value of CM is 
xn sini 

7 ee ee) 

(n? + nj — 2nni cosi) 

When moon just grazes the earth’s shadow 
in its course along its orbit, the minimum value 
of CM - must be equal to the sum of the radii of 
shadow and moon. Hence (2) is equated with 


51 
s P+ Pr) + Ss 


where S and S; are angular semi diameters of 
sun and moon, P and P; are equatorial horizontal 
parallax of sun and moon. 

As all the quantities P, Pı, S and S, are 
variable, the lunar ecliptic limit also varies. Its 
greatest value, called the superior ecliptic limit is 
12°.1 and the least value, called the inferior ecliptic 
limit is 9°.5 These limits are for a partial eclipse. 

By equating (2) to the difference of radii of 
the shadow and the moon, we can find limits for 
a total lunar eclipse. 


(6) Commencement of solar eclipse 


When partial eclipse of sun starts, the 
transverse common tanquent BA touching sun and 


Figure 6 - Start of solar Eclipse 
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moon at B and A respectively just touches earth 


somewhere, say at C. 


Let a, b and R be the linear radii of earth, 
moon and the sun. 


ES = r, EM = n and Z MEC = 6, 


LMES = x. . 
Then r cos (0 + x) +R=a --- (1) 
rı Cos 0 = a +b - - - (2) 
Divide (1) by r and or by rı and substract. 
b a R 
We get cos 0 - cos (0+x) = eee 
1 1 
MN wee x a b a R 
or 2 sinz sin |90 +3) = =+~--+— 
2 2 n n r r 


As x is small and @ is nearly 90°, this gives, 
approximately, 
= P} + S - P«S 


Figure 7 - solar ecliptic limit 


Solar Eclipstic Limits - The solar ecliptic limit 
is the distance of the sun from the nearer node 
of the moon’s orbit, at the moment of new moon, 
if a solar eclipse is just possible on this occasion. 

Let MN be moon’s orbit and SN the ecliptic, 
so that N is a node of the moon’s orbit and let 


the inclination of the moon’s orbit to the ecliptic 
be i. = ZMNS. 
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Let M and S be centres of moon and sun at 
the instant of a new moon occuring when the sun 
is near N. By the definition of a new moon 
(amavasya), longitudes (ra$i) of M and S are the 
same. Let f be the latitude of moon when at M. 


Let M', S' be the positions of the moon and 
the sun t hours later, and MSN is taken as a plane 
triangle. 


Let MM' - x 
Then change in moon's longitude in t hours 
is x cos i. 


Then change in the sun's longitude in t hours, 
i.e. SS' is m x cos i, where 


rate of change of sun's longitude 
7 rate of change of moon's longitude 
Then S’N = SN-SS’ = B cot i - mx cosi and 
M N = $ coseci — x 
If M’S’ = D, we have 
D? = (f cot i-mx cos i)? + (f cosec i -x)? 
— 2 cos i (f cos i - mx cos i) (f cosec i-x) - (1) 
Only variable in this is x. Differentiating it 
with respect to x, minimum value of D is given 
by 
(B cot i-mx cos i) (-m cos i) — (f cosec i - x) 
— cos i (- cot i - m f cos i cosec i+2 mx cosi) 
2:0 
B sini 


or x = 
1 — 2 mcos? i + m? cos? i 

Substitution in (1) shows that the smallest 
value of D is 
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(1 — m) £ cos i 

(1 — 2m cos? i + m? cos? i)” 

.When numerical values of m and i are 
substituted, it is seen that the value of this 
expression is very nearly f cosi, i.e. the value after 
supposing m = 0 (i.e. very small speed of sun). 
Putting, therefore, 


B cosi = S +S; + Py - P 

We have the condition that the sun just misses 
being eclipsed. This gives 

B = (S + Sı + Pi - P) Sec i l 

as critical value of 8 within which £ should 
be for an eclipse to be seen in some part of earth. 

Solar ecliptic limit is the corresponding value 
of 

SN = (S+Sı+P,-P) cosec i 

Its greatest value is 18°.5 i.e. the superior 
solar ecliptic limit; its least value is 15°.4 which is 
the inferior ecliptic limit of sun. 


Thus the text mentions only the superior 
ecliptic limits of sun and moon as 18° and 13°. If 
distance of sun from the node is more than this; 
ecipse is impossible, if it is less than the lower 
ecliptic limit 15°.4 or 9°.5 eclipse is certain at new 
moon or purnima. If distance of sun is within 
inferior and superior ecliptic limits on new or full 
moon, solar or lunar eclipse may or may not 
happen. Further checking should be done at the 
ending times of pürnimà or amavasya by lambana 
(parallax) of sun and moon and their true diameters 
and speed. 
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(7) The other condition of solar eclipse is for 
a local place. The solar eclipse may happen, but 
it will be visible for only a small belt on earth's 
surface through which moon's shadow cone passes. 


When sun and moon are in same direction 
from earth's centre, the eclipse will be visible from 
a place where difference in parallax of moon and 
sun is less than the sum of their semi diameters 
(= 34’) approx. 


Figure 8 - parallax in amavasya time 

Figure 8 shows the position of true 
amavasya, when moon M and Sun S are in same 
direction from earth’s centre E. When observer is 
at O in this line, i.e. when moon and sun are on 
zenith, then the same position remains. When 
observer is at O’, moon is ahead of sun towards 
east by p = Z O'SE of parallax. Thus moon will 
be in same direction with sun slightly before true 
position, at true time it goes ahead. Thus for east 
nata amavasya time is before true time and in west 
nata it will be after true amavasya time. 


Surya siddhànta has assumed horizontal paral- 
lax as 1/15th of the daily motion of a planet, on 
assumption that the (speed X distance) for the 
planet is constant. Linear speed of every planet is 
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assumed to be same and it comes ot to be (15 X 
radius of earth) as explained in 2nd part of this 
book. For moon this gives correct parallax but gives 
great error for other planets, due to wrong 
assumption of distances. Maximum parallax are 
compared below in vikalā. 


Planet l Bhāskara II , Modern value 
Minimum Maximum 

Sun 236.5 8.7 '9.0 

Moon 3162.3 3186 8720 
Mars 125.7 3.5 16.9 
Budha 982.1 6.4 14.4 

Guru 20.0 1.4 2.1 

Sukra 384.5 5.0 31.4 

Sani 8.0 0.8 1.0 


. Siddhànta darpana has corrected the values 
for sun and moon (through still assuming same 
linear speeds) 

Horizontal parallax for moon - 3388".22 


Horizontal parallax for Sun 31.63 


Change in sun's parallax is an improvement 
caused due to taking higher value of sun's diameter 
as mentioned in Atharva veda. But still it is about 
3.6 times the true value. 


. Changed formula for parallax are 


Daily speed 
Sun max parallax - 164 
Dail d 
Moon max parallax - CNET 


Thus the parallax of moon is the distance 
travelled by it in 4 ghati (60 ghati in a day/15) 
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according to sürya siddhanta and in 4/17 ghati 
according to this book. 


For rough calculation, appendix 3(e) after 
chapter 7 gives the formula (3) as 


Al = - Ê cos t sin v 


pir = max. parallax, v is distance from 
‘Tribhona’ lagna, which is taken as zenith as first 
step. 

Then the correction in ghati is 

4.28 X cos t. X Sin H 

where H = nata kala 


For 45° nata (middle position between 
meridian and west horizon), sin H = 1/ V2, H = 
15/2 = 7.5 ghati. 


This positive correction for pa$cima nata will 
be 2.5 ghati or 1/3 of nata kala if t = taken 30° 
(nata of tribhona) 

Parallax in Sara = p/r sin t. 


Parama nati = 1°/60 approximately, hence 1/60 
of natajya of vitribha or tribhona lagna is added 
for calculating $ara difference of moon. Assuming 
nil $ara at eclipse time, this can be maximum of 
34' for an eclipse to be possible at that place. 


(8) Other condition for solar eclipse - When 
sun is moving on east west vertical line, its kranti 
being equal to latitude of the place, its difference 
with moon when apparent longitudes are equal is 
the north south difference i.e. nati (parallax in $ara 
or latitude). When it is less than 1/2 (sum of 
diameters of sun and moon) or 1°30’ then only 
solar eclipse can happen. 
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When Difference of moon and its pàta is less 
then 7° then also solar eclipse can happen. This 
is same as 1°30 difference from ecliptic. 


(9) Greatest and least number of eclipses in a 
year - 
Ecliptic limits are as follows - 
Superior Inferior 
Lunar ecliptic limits 12°.1 ::9*.5 
Solar ecliptic limits 18°.5 15°.4 
1 Lunar month = 29.5 days 


So, time from full moon to next new moon 
= 14.75 days. 

Node of moon moves backwards, making one : 
revolution in about 19 years. Hence sun makes one 
complete revolution with respect to node in 346.6 
days. Thus, with respect to node, sun moves 
3600 x 14.75 


346.6 or about 15°.3 in half a lunar month. 


S3 S4 
M3 N M4 
Figure 9 - No of eclipse 
(A) Least number of eclipses - 

Figure 9 shows the ecliptic and N, N' are 
nodes of moon’s orbit. Let NS; = NS; = N'S; = 
N'S,. 

= inferior solar ecliptic limit i.e 15°.4. 
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Let NM; = NM: = N'M; = N'M, 
= inferior lunar ecliptic limit i.e. 9°.4 


Inferior limits have been chosen to find the 
most infavourable cases in which no eclipse occurs 
beyond these limits. 


Movement of sun is in direction of arrow. 
Sı S2 = 2X15'.4 i.e. 30°8 but sun moves with respect 
to N by 2X15'.3 between two consecutive new 
moons. Thus in travel from S4 to S; at least one 
solar eclipse is bound to occur, because there will 
be a definite new moon in 30.6 days and sun will 
be within limit of eclipse. 


Suppose now that the eclipse occurs when 
sun is near N, then the sun will be outside NM; 
and NM; at previous and next full moons (i.e. 
15*.3 away) while NM; - NM» - 9.5 only. Hence, 
there will be no lunar eclipse in previous or coming 
full moons. Thus there will be only one eclipse 
(solar) while sun crosses N. 


Sun will be at N' after about 1/2 X 346.6 = 
173..3 days after it has crossed N. Now 6 lunar 
months occupy 6X29.5 - 177 days. Therefore, about 
4 days after the sun at N',, there will be a new 
moon. Then sun is only 3.7 X 360'/346.6 -3.84 
from N’ i.e. will within ecliptic limit of N'S4. Thus 
there will be a solar eclipse. The preceding and 
succeding full moon occur out side M3 Mg, as sun 
moves about 1° in a day. NiM3 = 9°.5 but N'S 
- 14.75 - 3.84 - 10.91 on previous full moon. In 
next full moon N’S = 14.75 + 3.84 = 18.59. Thus 
there are no lunar eclipses then. 


If the year began shortly after the sun had 
crossed S4, the year will end 365.25-346.6 days after 
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the same point relative to nodes, so the year will 
have ended much before sun comes near N again. 


Hence in such circumstances, there will be 
only two eclipses in the year, both solar.. 


(B) Greatest number of eclipses in an year - 

Now in figure 9, let NM; = NM: = N'M; - 
N'M, = 12°.1 i.e superior lunar ecliptic limit. 

NS: = NS; = N’S3 = N'S, = 18.5, the superior 
solar ecliptic limit. 

Suppose further that there is a new moon as 
soon as the sun enters SıN. There will be a solar 
eclipse then. Time counted from the eclipse is 
indicated by H = half lunar month.. Then we haye 
to examine solar eclipses at new moons at time 0, 
2H, 4H, 6H - - - Similarly lunar eclipses are 
examined on full moons at times H, 3H, 5H - - - 

(i) There is already a solar eclipse at t = 0 

(ii) At t = H, Sun is at 15°.3 from S; and 
within M,N at full moon, so there will be a lunar 
eclipse then. 

(iii) At t = 2H, sun has advanced 2X15°.3 
from Sı; so it is within NS2 and there will be a 
solar eclipse. 

At t = 3H, 4H, - - - 11H, the sun will be 
within S? and S; i.e. outside all the ecliptic limits, 
and there will be no eclipses. 

(iv) At t = 12 H, sun will have advanced 
12X15°.3 i.e. about 184° from Sı i.e. 4° from $3. 
So the sun is within S;N' and there will be a solar 
eclipse. 
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(v) At t = 13H, sun will have advanced 4° + 
15°.3 from S, so it is 19°.3-18°.5 = 0°.8 from N’ 
in N'M; and there will be a lunar eclipse. 

(vi) At t = 14 H, - - - sun will be 0.8 + 15°.3 
= 16°.1 from N' i.e. will within N'S, = 187.5. So 
there will be a solar eclipse. 

At t = 15 H, 16 H, 23 H, the sun will be 
between S4 and Sj, i.e. outside all ecliptic limits, 
and there will be no eclipses. 

(vii) At t - 24H, sun will have advanced 2X4* 
= 8° from Sy, so it is within SiN and there will 
be a solar eclipse. 

(viii) At t = 25 H, the sun will have advanced 
8°+15°.3 from Sı, so it is within NM5, and there 
will be a lunar eclipse. 


But this eighth eclipse occurs 14.75 X 25 days 
i.e. 368.75 days after the first eclipse, i.e. about a 
year and 3-1/2 days after the first. So out of 
8 eclipses, Ist solar or 8 th lunar eclipse has to be 
ommitted in a year. Thus in a year there can be 
maximum of 5 solar+2 lunar or 4 solar + 3 lunar 
ecipses depending upon when the year began. 

(10) Eclipse cycle : In Chaldea, before 400 BC, 
(may be in time of Sargon in 2350 BC approx,) a 
cycle was discovered after which eclipses were 
repeated. This was called Saros cycle of 18 years 
10.5 days or 223 synodic lunar months. 


223 synodic months = 6585.321 days 
242 dracontic months = 6585.357 days 
=19 X 346.62005 days (Dracontic year) 


Draconitic year is revolution of sun with 
respect to lunar node and draconitic month is 
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revolution of sun with respect to its node. Nodes 
of moon were called Dragons. 

Vi$vamitra had mentioned half cycle in 
Rkveda of 3339 tithis = 111 synodic months + 9 
tithis. 

Example of the cycle for least no. of eclipses 
in given below - (No lunar eclipse + 2 solar eclipses) 


Years Dates of solar eclipse 
1915 Feb. 14 Aug. 10 

1933 Feb. 24 Aug. 21 All annulus 
1951 March 7 Sept. 1 

1922 March 2: Sept. 21 

1940 April 7 Ann. Oct. 1 Total 

1958 April 19 Oct. 12 

1926 Jan. 14 . July 9 

1944 Jan. 25| Total July 20 Annular 
1962 Feb. 5 July 31 


Cycle of years of maximum eclipse 
Years Lunar Eclipse Solar Eclipses 
1917 Jan 8, July 4, Dec 28 Jan 23, Jun 19, July 19, Dec 14 
1935 Jan 19, July 16, (Jan 8) Feb 3, June 30, July 30, Dec 25 
1953 Jan 29, July 26, Jan 19) Feb 14, July 11, Aug 4, (Jan5), 
next year .next year 
: Total Total Total Part Part Part Annular 

Actual determination of eclipse, is by calculat- 
ing the extent of eclipse according to true speeds 
and $ara as explained later. 

Verse 6 : This book has used different 
methods for lambana correction for sphuta amànta 
(new moon day), true positions of sun and moon, 
dimensions of sun, moon and shadow, grasa 
(covered) amount of moon, sthiti (total eclipse time) 


496 Siddhanta Darpana 


vimarda (total time of complete or maximum 
eclipse), real true lambana, sphuta nati, digvalana 
and parilekha etc. This will be useful, so learned 
men should not think it to be incorrect. 


Notes : Many of the methods have not been 
approved by earlier siddhanta works, but these 
methods give more correct results. Hence this 
needs to be accepted more eagerly, instead of 
rejecting it. 

His methods for different methods of moon’s 
motion has already been mentioned in chapter 6. 
Correction of moon's and sun’s motion is also due 
to his revised values of manda paridhis which 
change continuously in quadrants. For moon, only 
one maximum value has been indicated and its 
ratio with least value should be increased. Earlier, 
either the manda paridhi was fixed or a fixed 
difference of 40' was kept at the end of odd and 
even quadrants. 


Lambana and nati formula have been cor- 
rected due to changed formula of maximum nati. 
For moon this is taken às 1/14th of daily motion 
instead of general formula of 1/15th of daily motion 
for all planets. For sun it is entirely changed to 
1/164 of daily motion, which has no parallel in 
earlier texts. The correct variation of nati and 
lambana has been calculated instead of rough linear 
method. 


Value of sun's diameter and consequently its 
distance from earth has been increased about 11 
times the traditional value of 6,500 yojanas to 72,000 
yojanas as mentioned in Atharvaveda. This has led 
to other changes in constants and methods. These 
corrections have been in right direction and more 
accurate. 
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Verses 7-8 - Correct time of parvanta - 

On amànta or pürnànta day (moon-sun = 0° 
or 180°), sun and moon will be made sphuta (at 
sunrise or midnight time. For parva ending, only 
mandaphala correction is needed in moon. On 
amavasya day, difference of moon and sun is taken, 
on pürnimà, it is moon - (Sin + 180°). Difference 
rá$i etc is converted to para (1/60 vikala) and is 
divided by difference of sphuta gati of moon and 
sun in kala. Result will be in vighati (pala). 


This time in pala etc is added to parvànta 
time i.e. to sunrise time for which calculations had 
been done, if moon is less than sun (or sun+180° 
on purnimà). If moon is more, it wil be sub- 
stracted. Then we get the correct time (after or 
before sunrise for ending time of parva (pürnimà 
or amavasya). For this time, we again calculate 
sphuta moon and sun and from these values, 
correct parvànta time is calculated. After repeated 
applications of the method we get correct parvànta 
(for centre of earth). After that, other corrections 
for eclipse are made (like lambana or nati) for 
Observation from surface of earth. 


Notes : As first approximation speed at 
parvanta is assumed to be same as at sunrise time 
and accordingly correct time is calculated. Our aim 
is to find the time when moon-sun or moon- 
(sun+180°) is zero. If moon is less than this value, 
it will cover up the distance due to higher speed. 
The difference is in para (1/60 vikalà), speed diff. 
is in kala/day. 


para 


Hence result time = kala/day 
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_ Kala x 60 x 60 

j kalà 

After finding approximate parvanta time, we. 
get better approximation of sun and moon position 
(their difference and their speeds. Then we get 
more correct value of parvànta. 


X day - pala etc. 


Vrses 9-11 - Samaparva Kala - When for sun, 
the mandaphala, gati phala and udayàntara phala 
- all three are positive or negative, we further 
correct the samaparva kàla i.e. middle point of 
eclipse is slightly different from true parvanta 
above. Steps are as follows - 

(1) pica + bhujantara of moon) + (gati 
phala of sun) = 

| (2)SX etree of moon = P 

(3) On pürnima, X 

: P 

^ moon diameter ( 444 yojana ) 

i P : 

PE amavasyas X= Sun diameter (72,000 yojana) 
(4) e PU T gati - Lin danda pala etc. 

(5) When mandaphala, gati TE and udayan- 
tara phala all are positive, 
Sama Parvakàla = Parvakàla - L 

When the three above are negative 

Samaparvakala = Parvakàla + L 

(6) For this difference of time we further 
correct the positions of sun and moon at parvants. 
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Ecliptic 


Moon, 
E Orbi 


Figure 10 


Notes : (1) Before analysing the formula we 
should analyse the reasons as to why closest contact 
will not be at amànta or purnimànta time. 


E is shadow of earth centre moving on ecliptic 
for lunar eclipse. For solar eclipse it is disc of sun. 
M is centre of moon moving on its orbit in direction 
MPN. 

At point EM, when EM is perp. to NE, 
ecliptic, longitudes of E and M are same which is 
ending time of amavasya or pürnimaà as calculated 
earlier. However, closest approach is at P when 
EP is perpendicular at P. Thus the real mid point 
of eclipse will be after pürnimànta time. When RM 
is after crossing N, then it is before parvanta time. 
This difference is due to inclination of moon's orbit 
with ecliptic and difference PM is given by 
udayantara phala of moon in latitude along ME 
. direction and bhujantara phala in EN direction. 


Another reason of difference is due to. 
different speeds at points of contact before P and 
after P. Due to that the mid point will be shifted 
from P in ratio of speed difference given by 
mandaphala of moon. 


Udayantara and bhujantara phala of moon are 
almost for same time difference as sun, as moon 
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and sun or earth's shadow are in same position 
almost. The result for shadow at 180' from sun is 
same. If speed of moon is increasing, the time in 
covering contact distance towards N after P will 
be less and mid point wil be towards opposite 
direction i.e. deducted. 

Similarly for other results positive, the time 
is to be deducted. If mandaphala is + ve, gati 
phala of sun is negative, hence relative motion of 
moon will be positive and it is to be added. 

Thus the difference due to latitude difference 
is (udayantara + bhujantara) of moon + gatiphala 
of sun. This will be increased in the ratio of 
mandaphala of moon. For outer contact, moon will 
cross its (own diameter + shadow portion). For 
inner contact (maximum) it will cover (shadow - its 
own diameter). Hence the product is to be divided 
by angular diameter of moon. In solar eclipse, it 
is almost equal to diameter of sun. 


There appears some error in text. All the 
quantities are in angular measure, which cannot 
be divided by yojanas, it should be angular 
diameter. 


When all the three factors causing error are 
of one sign, correction is proposed, otherwise they 
almost cancel each other. 


Qualiative discussion will be done at the time 
of calculating duration of eclipse. 

Verses 12-15 : Diameters and distances of sun 
and moon- 


In Atharvaveda, while explaining the meaning 
of ‘Aum’, diameter of solar disc has been stated 
to be 72,000 yojanas. Based on this statement, I 
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have corrected the disc sizes of planets, their orbits 
etc. through observation and calculation: 

Diameter of moon and earth are 1/162 parts 
and 1/45 parts -of sun’s diameter. Earlier 
astronomers also have.stated the diameter of earth 
as 1600 yojana (value obtained. here). The values 
in yojana and angle are stated as follows - 


Diameter in yojana — | Angular diameter mean 
Sun 72,000 ` 32/32/6 kala 
Moon 444 7 31/20 kala 


Earth 1600 — 

7 . 2213 
444 X 6 

Mean moon diameter - ~ga 


Mean distance of sun from earth = 76,08,294 
yojana , 
moon = 48,705 yojana. 


Mean sun diameter 


From this true distance, manda spasta karna 
also can be calculated. 

As in case of moon's angular diameter, earth's 
shadow's angular diameter also can be known in 
moon's orbit (approx by multiplying with 6/85). 

Notes (1) Comparative sizes of planets 


Aryabhata I, | Sūrya Modern values 
Lalla, _ | siddhànta, in yojana 
Bháskara I Siddhànta - 5 miles 
$iromani 
Sun's diameter 4410 6500 (6522) 1,73,156 


Sun’s distance 4,59,585  6,89,378 1,85,80,000 
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Moon's diameter 315 480 , 430 
Moon's distance 34,377 51,566 47,500 
Earth diameter 1050 1600 : 1586 


Diameter of earth is a measure of yojana as 
its astronomical definition. Hence; it is seen that 
diameter and distance of moon are almost accurate 
in sürya siddhanta or others, but sun's diameter 
is taken only 4 times the earth or 14 times moon 
by Aryabhata (13.37 times by Bhàskara II or sürya 
siddhanta). Its real value is 109.18 times earth's 
diameter or 402 times moon's diameter. 


However angular diameters were almost cor- 


rect. 
Bhskara II Sürya Siddhanta Modern 
Siddhànta Darpana Values 
Moon 32/1 32/0 31/20 31/7 
Sun ~ 82/3133 . 32/20 32/32/6 32/4 


Angular diameters and their ratios are almost 
correct. Moon's angular diameter can be directly 
observed, but it is difficult to see sun directly. Still 
it can be seen through reflection etc. and due to 
frequent annular eclipses its mean diameter has 
been taken slightly more than moon. | 


Linear diameter is calculated by formula 
(angular diameter x distance), when angle is in 
radians. This rato is almost 1/108 , this 108 is an 
important number for no. of beads in a prayer 
garland, no. of salutes to guru, astottari system of 
dasa in astrology etc. Moon’s distance could be 
correctly estimated with direct parallax, but direct 
measurement of sun's distance cannot be done. 


The accurate looking figures of distances of 
sun and moon are derived from round figures of 
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their circumference of their orbits after division by 
2m = 2 X 355/113 almost. On moon's orbit 1’ has 
been assumeed eequal to 15 yojana by Sürya 
siddhasnta and 10 yojanas by Aryabhata. Linear 
velocity of planet - (angular velocity X distance) 
has been assumed constant. Actually areal velocity 
- angular velocity X (distance)? is constant accord- 
ing to Kepler's laws for elliptical orbits. Thus all 
planets are assumed to cover equal distance in 
equal time and total distance covered by them in 
a kalpa is equal to orbit or circumference of sky. 


Accordingly, orbit of stars has been assumed 
60 times orbit of sun. Candra$ekhara must have 
seen distances of farther planets like pluto 40. times 
sun's orbit. Hence he increased it to another round 
figure 360 and explained difference of 1° sighra 
paridhi difference according to this, which is not 
correct. 

Similarly, he must have come across much 
larger figure of sun's distance and verified it 
according to parallax in solar eclipse. But he could 
increase it only 150 times moon's distnace instead 
of 400 times as he got diameters of 72,000 yojana 
from Atharva-veda. Earlier astronomers also must 
have obsereved it, but they didn't try to change 
it drastically, as the angular measure is sufficient 
for prediction of eclipse. Traditional value of sürya 
siddhànta appears to be obstruction. 


Siddhanta darpana has assumed value of 
yojana in Atharvaveda as his own yojana which is 
incorrect as Áryabhata etc. had assumed yojana of 
about 8 miles; compared to 5 miles yojana of sürya 
Siddhànta. Of course, he has compared 1600 yojana 
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diameter with sürya siddhànta, though no such 
measure has been found in vedas. 


However M.B. Panta (Vedavati, Pune, 1981) 
has opined that for steller measures; mahà yojana 
= 5 X Aryabhata yojana = 40 miles was used. 
Accordingly, Triéahku means 3 X 10!5 in 
maháyojana units it is 3X10PX40 miles = 207 light 
years which is really the distance of Trié$anku star 
(Beta Crucis). Similarly Agastya or Argo navis has 
crossed Jaladhi or 10/4 distance; which is 10!*X40 
miles - 690 light years in mahà yojana units (correct 
distance is 652 light years) Mandala means 
revolution or circumference, diameter is indicated 
by width or viskambha in jyotisa. Hence 72000 
yojana mandala means it is circumference. In 
máhayojana units this value means diameter of 9.1 
lakh miles which is slightly more than 8.66 lakh 
miles, the modern value. This may be correct if 
we include the corona of sun. 

Another indication of yojana measure is given 
in Rkveda (1-123-8) 

agria wes al qd wed qeu 9m i 

aana ascent sed, ufeafzg ae: 11 


Sayana has interpreted it that dawn goes 
ahead of sun by 30 yojanas and along with it 
moves round. 


Similar verse is in RK 6-59-6 which, dawn 
goes ahead 30 steps i.e. units of length. In modern 
astronomy, dawn is taken 18° ahead, Tilaka in his 
Arctic home in vedes, page 85, has taken it 16°, 
probably for central India at 24'N. However, in 
sandhya of each yuga, its value has been taken as 
1/12th of yuga value. Thus dawn of day time of 
12 hours is 1 hour, i.e. 1/24 of a day. This is 15* 
(360/24) in angles. Thus circumference of earth is 
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30X24-720 yojanas and sun's circumfereence is 
72,000 yogana i.e. 100 times in round figures. In 
round numbers 108 japa is counted as 100 hence 
it gives almost correct dimensions of sun. 


Ratio of moon's diameter with earth's diameter 
has been slightly increased and it is more correct 
according to modern values. Increase of parallax 
from 1/15 of earth radius to 1/14th is also more 
correct and might have been confirmed by obser- 
vation. 


(2) Diameter of earth's shadow in moon’s orbit 
- 85 yojanas in moon's orbit have been taken as 6 
kala i.e. 1kalà = 14.2 yojana. Hence linear diameter 
of earth's shadow multiplied by 6/85 gives its 
angular diameter; because it is in moon’s orbit. 


Verses 16-21 - True values of diameter and 
distance— If manda kendra (of sun and moon) is 
in 6 rà$is beginning with makara, manda kotiphala 
is added to trijya and substracted from trijya if 
manda kendra is in other six rāśis (karka to dhanu). 
Result is substracted from double of trijya, by 
remainder we divide the square of trijya (118, 844). 
Result will be sphuta manda karna of sun and 
moon. If this method is used for star planets like 
mangala, it will give their radial distance from sun 
as centre. 


This sphuta karna in kala is multiplied by 
madhya yojana karna and divided by trijya to give 
sphuta manda karna in yojanas. Madhya bimba 
kala divided by sphuta yojana and multiplied by 
madhya yojana gives sphuta bimba kala. 

(Quoted from Siddhànta Siromani) - Manda 
karna is found like sighra karna. It is substracted 
from 2 X trijya and by remainder, we divide square 
of trijya. Result in kala is manda karna of sun and 
moon which is the distance from centre of earth. 


poe mE Siddhanta Darpana 


Manda karna kala multiplied by madhya yojana 
karna and divided by trijya gives sphuta yojana 
karna. Diameter of sun is 6522 yojana and of moon 
is 480 yojana (values of Bhaskara, not of this book 
- Quotation ends). 

Method of Bhaskaracarya also gives accurate 
value, still I have calculated sphuta karna from koti 
phala (instead of mandaphala because, for 3 rāśi 
difference between sphuta graha and mandocca, 
manda sphuta karna is equal to koti. 

Note : (1) True 
method - Madhya graha 
M is at angle 6 from 
direction of ucca U. 
True planet S on manda 
paridhi has moved by 
same. angle 0 = ZSMN 
in opposite direction. 
SN is L on OM ex- 
tended. Figure 10 a 

NS = manda bhuja phala = r sin 6 

where MS = r = radius of mandaparidhi 

R = 3438’ = OM is radius of madhya graha. 

MS' // SN is mandaphala 

MS OM _ R. 

NS | ON ` R+rcosô 

because MN = r cos 0 

ON is called koti of karna, at 90" it is zero. 


Manda Karna OS = K is true distance of planet 
9. 


K? = ON?+SN? = R + r cos0) + (r sin)’ - 
= R? + r? +2 Rr cos ---(1) 
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(2) Bhàskara approximation - His formula 
R2 i i 

|. 2R-K 

appears meaning less as it can be used only 
if K is already known in right side also. However 
the first K is an approximation by koti of karna 
only = R + r cos 0. This relation holds good and 
gives a better approximation from formula. 

K? + R? = r? + R? + 2 Rr cos 6+ Rè- - - from 
(1) 

= r? + 2R (R+r cos@) 

= 2 RK approx neglecting r° 

(3) Siddhanta Darpana formula has two 
unncessary steps for manda kendra 270° to 90°, 
we first add manda koti phala to trijya, then 
substract the sum from 2 X trijya. This is equivalent 
to substracting mandakotiphala from trijya 

2R - (R + rcos 6) = R-rcos@ 


R? r cos 0 
N = = 2X1 
OW; R — r cos Ó R 
? cos? 0 
SII ID —€— ( (2) 


2r m Ef 
Now from (1), K - R (1+ q cos 0 + 35) 


2 


r 
-R pos rir 
*trcosÓ tog (3) 


average value of cos? 0- 1/2, hence, expression 
(2) is almost equal to K. 

Verse 22 : Mean angular diameters (bimba 
kala of moon and sun multiplied by true daily 
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motion and divided by mean daily motion gives 
true diameter in kala. 

Note : Linear diameter is fixed = D yojana 


Angular diameter B varies with distance, Bo 
is mean value 


BoxR = BxK = D - - - - (1) 
True motion xK = Mean daily motion XR-(2) 
Dividing (1) by (2), we have 


Bo "WEE Pu 
mean motion True motion 
Bo x True motion 
or B = ———— —— ———- ---- (3) Proved 


mean motion 


To prove (2), Let Gand 0' be the manda kendra - 
for today and tomorrow at sunrise 

True longitude for sunrise today 

Rsin@ x R . 

manda karna today (15:199) 
True longitude tomorrow suri rise 

Rsin@’x R 
manda karna tomorrow 

Taking difference of these two equations 

Daily motion for today - Daily motion of 
apogee 


- Apogee today * arc 


=Apogee tomorrow + arc 


(0. —0 x R 
manda kendra for today 


Here, manda kendra difference in one day 
, has been ignored, (0'- 0) = daily motion of manda 
kendra i.e. mean daily motion. 


+ approx - - - - (4) 


This is formula (2), if we ignore very slow 
motion of apogee. 
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Verse 23 - Formula are 


Dunes dali. So een X B 
EIS Un die = Spasta karna yojana 
This follows from (1) above. 

4 gati phala 


(b) B = Bo + TB for sun 


Addition is done when manda kendra is in 


2nd and 3rd quadrant, otherwise substraction is 
made. 


is 


True motion 
B, | Mean motion 
B-B, True motion — mean motion 


B, mean motion. 
gati phala 
" mean motion 
Bo X gati phala 
mean motion 
_ gati phala x 32/32/8 
— mean motion (59/8) 


or B - Bo = 


(Putting values of Bo and mean motion) 
_ gati phala x 11 
20 


approx if both are in kalà 


If gatiphala is in vikalà then, the correction 


gati phala x 11 gati phala . 


20 x 60 no EB 


Verse 24 : For moon 


i ph 
bo moon EP ala (c) 
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Proof - As in above formula correction is 

bo X gati phala  gatiphala x 31/20 
mean motion ` 790/35 

- gatiphala/25 approx 

True sun speed x 11 


(C) B = 20 
Db- True moon speed ts 


Proof (i) Formula (c) is obvious 


B Bo x True speed 32/32 
= ——____——_—= Tre speed x —___ 
Mean speed 59/8 


11 
= True speed X zg aPPrOx. 


2 bo x True speed True speed x 31/20 
as Mean speed 94, 790/35 
True speed x 31/20 True speed — 7 
= 31/20 x 2+7 ` 25 
as 7 is very small compared to speed of about 
800 kala per day.. i 


Verse 25 : Shadow length of earth (conical 
from centre) 


approx 


_ True sun karņa X diameter of earth 
7 Sun diameter — Earth diameter 


m 


Figure - 
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Note : In figure 11, BE is Parallel to AS, so 

AS SV SE+EV_ SE SE x BE 

BE EV EV EV AS — BE 

Verse 26 : According to Siddhanta Siromani 

Diameter of earth's shadow in moon's orbit 

- Earth diameter — 

(Sun diameter— Earth diam) x moon distance 
sun distance l 


Note : This is called reduction in earth's 
diameter; because sun is bigger and earth's shadow 
converges into a cone. 


Figure - 12 


In fig 12, S,E, M are centres of sun, earth 
and shadow, Common tangent line A B C meets 
SEM at V. Radius of sun, earth, shadow are R, a, 
e. Distance of sun and moon from earth are r, r1 
Shadow cone from moon MV = x. 


Now in similar triangles ASV and BEV 
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ntx: a _ ar 
or —— =R A Ñ xeu a Ee 
In similar triangles BEV and CMV 


BE . EV EM + MV 


CM MV MV 
a I + xX I1 
Of. cg sp. 
e x x 
rı a-e er 
or — = or x = - - -(2) 
x e a-e 


Equating values of x from (1) and (2) 


ar Spe er 
R-—a : a—e 
e ar : ar — rı (R — a) 
o —— = —— _ - 11 = 7? 
a-e rı (R — a) rı (R — a) 
a . n(R-a) ar 
or- = 1 KARMA ee 
e ar — rı (R — a) ar_rı (R — a) 


ar — rı (R - a) R- 
x LA 
After multiplying by 2, result is proved. 


Verse -27 Earth shadow in kalà 


Moon true motion 
7 

Sun true motion X 78 

|^» 145 


Note : Formula (3) in previous verse can be 
written as 


2e 2a 2R - 2a 
== O2 —— .---(1) 


Ii I1 r 


a 
ore = x n -- (3) 
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This gives angular diameeter in radians. 
Multiplied by Trijya - 3438' it will give diameters 
in kalà. First term in kalà in right side of (1) is 


2a X 3438 
rı 
ro True speed 

But — = ; SE 
rı mean speed of moon 


(See equation (4) after verse 22), ro = mean 
distance 


Hence this becomes 


2a Xx 3438 x True speed 


ro X mean speed 


_ 1600 x 3438 
48,705 x 790/35 

(Because 2a - 1600 yojana 

ri = 48,705 yojana, 

mean speed of moon = 790/35 kala 

_ True speed 

| 7 

Second term in (1) is similarly 


QR — 2a) x 3438 x True speed of sun 


Mean distance X mean speed of sun 


X true speed 


approx. 


u 


True speed 

(72,000 — 1600) x 3438 
7608, 294 x 59/8 

. 78. 

= 14s APProx. 


Hence the formula 


giving values 
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Vereses 28-30 : Meaning of rahu 


Lunar eclipse is caused when moon enters 
earth’s shadow, and solar eclipse is caused by 
covering of sun by moon. This is possible only 
when sun, moon and shadow of earth are near 
node (pata) of candra whose names have been 
given rahu and ketu (half part of rahu itself). Hence 
it is said that rahu devours sun or moon in eclipse. 


In siddhànta $iromani - If eclipse is caused 
by same rahu, why there are different direction 
(of beginning of) eclipse, different times (short or 
long periods) and different coverings (total or 
partial eclipse). So persons assuming eclipse by 
rahu have false pride of their knowledge of sphere; 
actually they are fools and against (true meaning 
of) Veda, puràna and samhita. 

Rahu is shadow planet (a fictitous point), 
which covers moon by entering earth shadow 
(being near it); and covers sun by entering moon. 
For such ability, sun has given boon to him. This 
type of interpratation is not against scriptures. 


Veerse 31-32 : Reasons of eclipse 


Lunar eclipse - Shadow of earth is in opposite 
direction of sun and moves east wards in ecliptic 
like sun. At the end of full moon, when moon is 
in opposite direction of sun, its speed is more than 
shadow speed, so it enters the shadow and crosses 
it. After entring shadow, its light (from sun) is 
lost. Thus lunar eclipse is seen. 


Solar eclipse : At the end of amavasyà, when 
moon and sun are in same direction (same raà$i), 
then moon moving east covers sun and with faster 
speed crosses out in east direction. Sun being very 
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juminous cannot bee seen. While covering it, only 
lightless moon is seen. 


Verse 33 : Digamśa correction of rahu 


As we add or substract fourth phala (Sighra 
correction) in pata of star planets like mangala, 
similarly digam$éa phala of rahu is calculated as of 
moon and it is added or substracted. 


Note : DigamSa phala = 1/10 of mandaphala 
of sun. This is correction in moon's orbit due to 
variation in annual attraction of sun, which changes 
the direction of moon's orbit. Hence it changes 
direction of rahu also. This correction has been 
described in chapter 6. 


Verses 34-35 - Sara of moon 


Sphuta pàla is deducted from sphuta moon 
at corrected parvanta time. Bhuja jya of this arc is 
calculated. This is jya of vikSepa kendra. We add 
1/38 part. of it. From half of result, arc is found. 
This arc divided by 6 gives Sara of moon. 

When moon - pata (or vipata candra) is in 
six rasis beginning with mesa, Sara is in north 
direction, otherwise in south direction. 


N N' m S 


Q d M 
Figure - 13 
Notes - Maximum ara of moon has Deen 


stated as 309’ in siddhānta darpana i.e. inclination 
angle e = ZMNS is given by R Sin € = 309%. NS 
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is ecliptic on which S is position of Sun or earth's 
shadow. NS = m = distance of moon from node 
N. NM is orbit of moon with moon at M. Its sara 
is MS = p. 

p = m tan € as AMSN is right angled and 
almost plane due to small size. 


Th m.RKsine m.R sin 309 
us = = 
P R cos e R sin (5400 — 309) 
m x 308 m 
= ———— = approx. - - (1 
11 t7 


However, at the time of eclipse, S has slow 
motion and is considered fixed and we calculate 
only the moon's speed. Relative speed of moon is 
obtained by adding vector VV! equal and opposite 
to motion of S to velocity vector MV of moon. 
Thus resultant motion of moon is smaller and in 
direction MV'N' which make angle e' slightly bigger 
thane’ 


ee VQ " motion of $ara 
QM motion along ecliptic 
tang = A 
QM - VV' 
tan £' QM 


T tan E. | QM - VV 

790/38 x cos (309) 
790/38 cos (309) — 59/8 
thus £' = 333 = 5° 33’ 


Shortest distance of moon from ecliptic 
= p cos &' 
= SP which is pependicular from S to MV’ 


or tan e’ = tan G09’) 
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Hence effective Sara = p cos &' 


p- R . sin (5400 —333) . P x 3420.5 (2) 


R 3438 


Equation (1) takes value (3438/3423) times 
more than the sine value. For half the angle 
increase is about 1/38 times as approximated here. 
Hence after increase of 1/38 in m, Sin, of its half 
value in taken, then divided by six again. Taking 
sine almost equal to small angles, formula given 


which is almost same as (2) as may be 
verified. Due to relation (2), the effective inclination 
of moon’s orbit is reduced by about 18’ to 290’ 
approx. Hence the value of parama Sara was taken 
as less than the true value, in earlier texts. 


Verse 36: Method for Sara gati 


Instead of finding arc, we multiply the 
kotiphala of moon and it is multiplied by pata and 
motion of moon and divided by trijya. Result is 
current speed of Sara. By adding or substracting 
kranti gati, we get sphuta Sara from equator. 

Notes: (1) There are three confusing words in 
the verse--Whose kotiphala is to be taken is not 
Specified----I have interprated it to be kotiphala of 
moon's movement along ecliptic i.e. its rāśi etc 
from pata. 


Whether motion of pata and moon both are 
Meant--- 


pata has very small motion and when motion 
of sun is being neglected, much smaller motion of 
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pata cannot be taken. Hence it is pata or Sara from 
eciptic and motion of moon. 


Result of this multiplication and correction 
with kranti both are called sphuta Sara. First sphuta 
$ara is distance of moon from kranti vrtta. Second 
sphuta Sara is distance from equator= distance 
frojm kranti vrtta(Sara)+ distance of spasta moon 
on kranti vrtta from equator (i.e. kranti of moon). 

Translation has been made according to these 
clarifications. : 


(2) Sphuta Sara from equator has already been 
explained. Now p-sin m. tan t. 

p=Sara, m=distance of moon from pata along 
ecliptic £ -angle of inclination of moon's orbit with 
ecliptic, since € is constant, taking differentials 

Cos p. dp= Cosm. dm. tan € 


l Here óp and ôm are motion of pāta and moon 
in unit time of hour or day. We are to find òp. 
R cos m tan € 
öp = R ÔM osp 0 
Now cos p= cos é/sin m according to Napier 
relations of right angled triangle N E P. 


tan £ . ; ; 
Hence, = sinm sine = sinp ~ p 
cos p 


Hence (1) becomes 
motion of pāta 

Kotiphala of moon x Moon gati x Pata 
j Trijya 


verses 37-38: $ara from chart 


Pata is substracted from moon and bhuja of 
the resulting angle is found. From degrees of bhuja 
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ara etc can be found in charts where $ara, $ara 
difference, kotiphala and bhujaphala etc have been 
given in appendix: These have been given at 
intervals of 225. 

Alternatively, pàta is substracted from moon. 
Its: bhuja is converted to kala. Its 1/16 will be 
subtracted and divided by11. (i.e. moon-pata). For 
greater values, this will be incorrect 


Notes : Kala of bhuja is almost equal to jyà 
for small angles. 


It is to be multiplied by 


'309 Parama Krànti 
3438 "^  Trijyà 
1 1 appro 
SS eS uU rox. 
39 1 
1 LL : A 
1+ 309 11 + 8 


Substraction of 1/16 part is to convert the 
bhuja approximately to its jyà: 
Verse 39: Extent of eclipse (grasa) 

The planet which is to be eclipsed is called 
grahya or chàdya and the planet or shadow which 
covers it, is called grahaka or chàdaka. Half the 
sum of their angular diameters is ‘manardha’ or 
'mánaikyárdha'. If $ara is more, there cannot be - 
eclipse. Differance of manardha and Sara is the 
grasa (covering). If grasa is more than grahya, then 
eclipse is total. Remaining part of grasa is in sky. 


Note : Except for the terms, the cause of 
edipse has already been explained. 
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Figure 14 (a) Figure 14 (b) 

P is centre of planet to be eclipsed and XM 
is diameter. Its distance from centre of coverer O 
is $ara-OP. Either the coverer (chàdaka) earth 
shadow or covered (chàdya) sun is on ecliptic 

In figure 14(a) covered portion 

XY = PX - PY 

= rı — (OP - r2) = rı + r2 — OP 

Where r1 and r2 are radii of the bimba. 

When XY > 2r; then eclipse is total as in fig 
14(b) 


Verse 40 : Direction and stages-- 


Lunar eclipse has contact in east and end in 
west often (as explained in verses 31-32) Calculation 
is done as per this rule only. But solar eclipse 
often starts in west and ends in east direction, 
tiowever, sometimes south west direction is calcu- 
lated instead of east west direction 


When gràhaka just completely covers the 
grahya, it is called ‘nimilana’ time. When it is about. 
to start emerging, it is called unmilana. Time from 
nimilana to unmilana is called ‘marda kala’ or 
'vimarda kala’ (period of total or maximum eclipse). 
Total time of eclipse from spar$a to mok$a is called 
grahana kala or 'sthityardha' kala. 
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verses 41-43 : Total time and time of complete 
eclipse- 

Parvanta time. When moon and sun have 
same rà$i etc. (in solar eclipse) or their difference 
is exactly six ra$is; it is the time of eclipse. This 
time (after minor correction of verse 11) is called 
sama parva kala and is middle point of eclipse. 


Square of manardha (half sum of diameters 
of grahya and grahaka) is substracted from square 
of sphuta $ara and of remainder, square root is 
taken. This is multiplied by 60 and divided by 
difference of moon gati and sun gati. Result is half 
time of eclipse (sthityardha kala). Its double is total 
time of eclipse. 


Similarly, square of half the difference of 
diameters of grahya and grahaka is substracted 
from square of sphuta Sara. Square root of 
remainder is multiplied by 60 and divided by 
differance of gati of moon and sun. Result is 
^marda- ardha' kala in ghati etc. Its double is 
^marda' kala or time of complete eclipse. 


From samaparva kàla (mid point of eclipse), 
substraction of sthiti ardha and marda-ardha give 
sparsa and nimilana times. When sthiti ardha and 
marda-ardha are added, it gives unmilana and 
moksa times: 


For more correct times, we calculate sphuta 
candra and Sara at time of sparsa, unmilan etc and- 
from them again these times are calculated. In solar 
eclipse, repeated larnbana corrections are made. 


Notes : (1) This is an approximate formula in 
which $ara of moon is considered to be same, 
hence there is need for successive approximation. 
First, we derive the approximate formula, assuming 
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the Sara to be minimum distance of moon from 
mid point of eclipse. 


M4 Mi 


Figure 15 - Period of eclipse 

In figure 15, O is centre of earth shadow and 
ON is ecliptic. Shadow is considered fixed and 
moon is moving in direction Mj N with relative 
speed (moon-sun). This direction is slightly more 
inclined 5°33’ compared to 5°9’ angle of moon's 
orbit with ecliptic. as explained in verse 35. M1, 
M2, M3, M4 are positions of moon at 1st contact 
(spar$a), 2nd (nimilana), 3rd (unmilana) and 4th: 
contact (mokSa) 


OP is perpendicular on M; N and is almost 
equal to áara. This value of Sara is assumed for all 
the four positon. Right angled triangle OPM; is 
almost a plane figure. 

Hence 


MiP = VM, ©? - OP? 


= V T(moon bimba + shadow bimba)" — Sara? 
2 
Moon moves along M;P with relative speed 
of m-s where m and s are daily motions of moon 
and sun(or shadow) in 60 danda. 


60 x Mi P 
Hence it will cover MiP in — danda 


This is same as M4P distance (as Mi O=M, 
O). 


Lunar Eclipse 523 


Similarly, OM; or OM; = radius of shadow- 
radius of moon. 


P M2 or PM3 = YOM3 = OP? 


= V l(shadow diam — moon diam.)* — Sara? 


2 
Hence half time of total eclipse 
2007. FRR TER CI WESS, 
= Mood manantara* — Sara 


(2) Let T be time of conjunction, when moon 
and earth shadow have same longitude, and p the 
latitude (Sara) of moon, North latitude is considered 
positive, p’ is hourly increase in latitude Unetease 
towards north is positive) 


m'- excess of hourly increase in longitude of 
moon over that of sun. 


M= angular radius of Moon, $= angular radius 
of shadow at the moon. 


Then at any time t hours after time of 
conjunction, T, the distance between shadow and 
moon in longitude is m't and the latitude of moon 
is p*p't. 

Thus distance between centres of shadow and 
moon l 

={m' 7 + (p + p' t? 

The eclipse begins or ends when the moon's 
rim just touches the rim of the shadow in entering 
it or leaving it. Distance between such time is 
S+M=D say (fig 15) then ( m^? ? + (p + p' t P” 
= D gives the time of beginning of eclipse. Pains 
this for t, we get 
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, V2 
= p p? R p.p 


t = o———— + 
m^? p? (mw? + py m^? + p? 


The + sign gives the end and --sign (earlier 
time) gives the beginning. 


Total phase of the eclipse begins or ends when 
the rims touch the moon being inside shadow (Mz, 
M3 position of fig. 15) i.e. D- S- M, Putting this 
value of D in above soulution, we get the times 
of beginning or end of total phase of eclipse. 


Discussion of results: 
(1) The eclipse begins at 


m 
JPP ] pp? D? - p? 
E (m 


(2) Eclipse ends at 


For full eclipse time D=S+M. For total eclipse 
D=S-M. 


(3) Middle of the eclipse falls at 


PP’ 
= m? + p? hours 

(a) If p and p' are both positive or both 
negative, middle of the eclipse is before the time 
of conjunction. . 

(If one is positive and other negative, middle 
is after conjunction) 

(b) Only when the latitude at conjunction p=o, 
the middle falls at T, the time of conjunction, 
because p' cannot be zero near a node. 
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In verse 11-- p latitude is positive then 
udayantara is positive, p' i.e. speed of latitude is 
positive when bhujantara is positive (verse 36). 
Thus when both are positive or negative time is 
corrected 

(4) If D=p, (1) and (2) reduce to . 

_ PP. + — PP 
m^ + p^ m^ + p^ 
(a) Eclipse begins or ends at the conjunction 


(b) Duration of eclipse is —z E z Which may 
P' 


amount to about 22 minutes 


(5) The duration is zero, when the expression 
between the SORD brackets is zero, i.e. p is greater 
than D by re ; (neglecting fourth powers 
of p'/m'), which may amount to about 14" in the . 
mean. 


(6) If t is not real, there is no eclipse, or total 
eclipse, according as D is taken to be S+M or S-M. 
Then p-D is more than about 14" calculated above 


(3) Conditions of eclipse in equator coordinates 


Instant at middle of eclipse is chosen as origin 
of time in figure 16. 


Equator 
Figure 16 
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Equatorial coordinates of centre C of shadow 
at time t hours is a, 6 and of centre M of moon 
be aj 61. Then, if P is the pole and M D the 
perpendicular from M on P C (on celestial sphere), 
CD= 6:6 and DM- (ara) cos ô, nearly. So 
CM? = (6; — ÒF + (a1 — aY cos? ô - - (1) 

If, hourly rates of increase of a, a1, ô, ài at 
t =o are (a) o, (aı)o (6)o (Ó)o respectively, we can 
write (1) as 

CM? = [( (ôo + 01: t ) - ((0)0 + 0’ HP 

+ [ Kao + a t1 - C (ajo + (a 01 Ê cos? 6,.....(2) 

approximately, neglecting the changes in cos 
6; due to changes in 61, because cos? ô, in the 
above equation is multiplied by a factor which is 
small. Equation (2) is of the form 

CM?=a t+ bt +c - - - -(3) 


Where a, b, c are known quantities. 


1 
If we put CM- 2 (P + Pi — S) + S2 the two 


values t; and t; given by (3) are the times of 1st 
and fourth contacts (spar$a and moksa). For the 
second and third contacts (i.e. beginning and end 
of totality, we put 


1 
CM = E: (P + P1 — S) — Sı and solve for t. 


b 
Middle of the eclipse is I (ti + t) = = 7 
2 2a 

verses 44-45 --Single. time calculation 


Method above uses successive approximation. 
Now method of single time calculation is described. 
Sara of samaparva kala is calculated. Its half is 
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divided by difference of gati of moon and sun; 
Result in danda etc is substracted from samaparva 
kala Sara, if Sara is increasing, otherwise it is added. 
For this parvakala, new values of moon and its 
$ara are found. Diffenence of this Sara and 
samaparva kala Sara in viliptà is squared and its 
half is taken. Its square root substracted from 
samaparva kàla $ara is sphuta $ara. Sthiti kàla 
calculated from this is correct. Now more accurate 
value of shadow is stated (in verses 78-84) 


Notes --- In figure 16(a). 


AB is ecliptic and CD is moon’s orbit, relative 
to shadow centred at S on the ecliptic. S and M 


M 
Mi m- D 


M2 
F 


A N2 N1 S P 


Figure 16a - One time calculation of sthiti ardha 
are the centres of shadow and moon respectively 
at the time of oppositon. SM; is perpendicular from 
S on moon's orbit and M:N; is perp. from M; on 
the ecliptic. Then M; is the moon’s centre at the 
middle of the eclipse. AMM;S is almost plane, 
ZMM;jS-90 
MS = moon’s latitude at opposition, 


ZMSM; = i, inclination of moon's orbit to 
ecliptic. 

 NS-2M,M approximatlely as i is small 
309 x MS 


= ^ 398 minutes (Kalà) as R sin i - 309 
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_ 309 x 60 x MS 1 dian 
E 3438 gati antara (of moon and sun) ANSA 
MS 


= 2 x gati antara approximately.............. (1) 


MS x 309 x 60 x 60 


or NiS = 3438 (79035" — 59 8") 


S f 
= m palas .......... (2) 


This time is subtracted from the sthitiardha. 


Since square of $ara is used in calculation, 
average of squares of $ara at M and Mi is .taken. 
Hence, half the square of difference is taken. 


verses 46-50 : Grasa from time. 

Now method is described to calculate grasa . 
from time and vice versa. If time is before mid — 
eclipse, it is substracted from sparáa sthiti ardha 
time. Remainder in danda etc. is multiplied by hāra 
-(moon gati-sun gati) corrected for lambana for : 
solar eclipse, next chapter verse 46-47) and divided 
by 60. This will be koti kala of lunar eclipse. 


In solar eclipse, it is again multiplied by 
madhya sthiti ardha and divided by sphuta sthiti 
ardha, to get sphuta koti kala. 

For given time, squares of koti kalà and bhuja 
kalà are added,. square root of sum is karna. This 
karna substracted from half the sum of bimba kalas 
gives grasa. 

If the given time is after mid eclipse time, it 
is deducted from mokáa sthiti ardha. Difference is 
multiplied by gati antara of sun, and moon (hàra) 
and divided by 60. We get koti. Then $ara of given 
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time is found, from which spasta koti kala of solar 
ecipse can be found. Again karna is found by 
adding the squares of bhuja and kotikala and taking 
square root. Karna substracted from half sum of 
bimba, gives grasa. 

From gràsa value, remaining free portion of 
eclipsed planet can be found. 


Notes , (1) Gràsa - covered part (literal. 
meaning devoured portion) 


Amount of grasa is the length of diameter 
along the line joining centres of covered and 
covering discs, which has been eclipsed. 


Magnitude of eclipse (in modern astronomy) 
is grasa expressed as fraction of diameter. Thus 
grasa -radius of shadow + radius of moon 


-distance between centres of shadow and 
moon 


Magnitude = grása/diameter of moon. 


For solar eclipse, instead of shadow, we take 
moon's disc and covered disc is of sun. 


(2) Formula of grasa has already been estab- 
lished while calculating sthiti or marda times. To 
revise, refer to figure 15. If M is any position of 
moon's centre, MP is distance covered from central 
point P. If it is before P, then it is at Mj (contact 
point or spar$a) Then in the given tirhe after 
spar$a, moon moves from M; to M. The remaining 
portion is MP till mid time at P. 


Thus in time (sthiti ardha-given time) -t 


Qu tx 
planet covers MP which is e where m' is 


: difference of daily speeds of moon and sun. 


Pi 
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m/60 is speed in one danda. MP is koti kala 


OM = VOP + MP = Vety + (fara. = Karma 


1 
When OM s 5 difference of diameters, com- 


plete portion of moon is covered. For OM bigger 
than this value 1/2(sum of diameters)--OM is 
amount of grasa. Similar calculation is done for 
period after midtime. 


(3) In solar eclipse there is fast change in Sara 
and valana, hence true kotikala is found. 


spasta koti kala madhya sthiti ardha 
Madhya koti kala ^ spasta sthiti ardha 
Because, if sthiti ardha increases, the dif- 


ference with given time decreases and koti kala 
decreases. Thus, they are inversely proportional. 


Verses 51-53 : Time from grasa 

When grasa is between sparsa and mid time, 
then it is substracted from half sum of covered 
and covering discs. This gives difference karna 
between centres of two discs. From square of this 
karna, we substract square of spasta Sara at that 
time. Square root of difference will be koti kala. 

For solar eclipse this kotikala is multiplied by 
lambana corrected sthiti ardha and divided by 
madhya sthiti ardha. This gives spasta koti kala. 
This is multiplied by 60 and divided by difference 
of daily speeds of moon and sun. Result in danda 


etc. is the time after sparáa. 
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For position in second half of eclipse, the 
result is substracted from sthiti ardha time, The 
remainder will be time remaining till mokéa. 


Notes’: This is reverse process of the previous 
method and uses the same formula. 


Verses 54--Method for solar eclipse-For solar 
eclipse, the sthiti ardha for sparsa and mokéa is 
called mean sthiti ardha, because special paral- 
lax(lambana) correction is done in this. Hence, all 
processes are done with mean Sara (this doesn't 
change in short period of eclipse). Repeated 
parallax correction will give correct time. 


Verses 55-59 :Direction of eclipse from parallax-- 


Now I describe valana(parallax) correction in 
kalàs for correction of moon and sun in their 
eclipses, which arise due to ayana and ak$àmáa. 
Due to these effects, direction of spar$a, mid-point 
and mokéa of an eclipse is known in east or west 
portions (kapàla) of sky. 

In case of lunar eclipse, sayana candra, and 
in case of solar eclipse, sáyana sun is found. Its 
kotijya (in kala) is multiplied by parama kranti 
(1410) and divided by 3 rāśis (5400kala). Result is 
ayana valana. This is in same direction (east or 
west part of sky) in which eclipse takes place. 

In solar eclipse, raói of sun and moon is same, 
hence àyana valana can be found only from moon. 

We calculate the nata kàla in pala from moon 
midday in lunar ecipse and from solar midday in 
solar eclipse This multiplied by 90° and divided 
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by its half day time gives nata in east or west 
direction in degrees 


This nata is multiplied by ak$amáa of the place 
and divided by 90. Result will be ak$a valana in 
north direction for east nata direction or valana in 
south direction for west nata. 


Akśa and ayana valana are added when in 
same direction and difference is taken for different 
directions. Result will be dik-valana in degrees of 
moon in lunar eclipse and of sun in solar eclipse. 
This is true valana from which spar$a and mokáa 
directions can be known. Its measure in angula 
has been stated while describing  parilekha 
(degrees). 

Notes (1) Sphuta valana is the angle between 
east or west point of disc of eclipsed planet with 
kranti vrtta (ecliptic). This is made of two com- 
ponents. Due to ak$améóa of the place (distance 
from equator), kranti vrtta cuts the horizon in 
eastern half of sky in north direction from east 
point. So ecliptic is towards north of east point of 
disc in east half of sky (and towards south in west 
half). This is called ak$a valana. 


Due to angle between ecliptic and equator 
(causing ayana), ecliptic is inclined further towards 
north when sayana makara is on meridian (north 
south vertical circle). When sáyana makara is on 
meridian (+90°), it is shifted southwards in east 
half of sky. For west half, the directions are 
opposite. This component is called ayana valana. 
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Figure 17 - Ayana and Akéa valana 


. NVZS is yamyottara vrtta (meridian) at desired 
place. 


NES is east half of horizon (k$itija vrtta), 
north, east and south points shown 
Z-kha-swastika (Zenith), 


ZE = Samamandala, Z'E' parallel to ZE 
through C,— 


e, w — are east and west points. 

KK’ = Kranti vrtta 

C= centre of planet disc to be eclipsed 
(chadya) 

NCS = Samaprota vrtta of c (circle of position) 

V = North Pole in sky 

P = pole of ecliptic (kadamba) 


P PP, is kadamba vrtta in which P moves 
round V in a day. 


Z C! -Nata degree (in time units) of C 


P; = Kadamba when sayana karka is at K' 
(meridian) 


Pi = Kadamba when sayana makara is at K' 
CV = Polar distance, C P = Kadamba distance 
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4 NCV =6 = Akéa valana, ACP =6@’= Ayana 
valana= Ayana valana 

Z NCP = 0 + # = sphuta valana = 2 KCE’ 

In this figure 17, for position P betweeen 
+ 90° distance of Pi, àyana valana & is also in 
north direction, hence sphuta valana is 0 + @’ as 
shown in figure. For P between +90° of P2, # will 
be in south direction and sphuta valana will be 
6-6’. The direction of valana will be opposite, when 
planet is in west kapala (west half of sky). 


(a) Akéa valana - From spherical triangle NCV 
Sin NCV sin CNV sin ZC’ 


sin NV sinCV sin (polar distance) 


because NZ and NC' both are right angles, 
hence angle between them is equal to ZC', which 
is natamSa of planet. l 

sin (polar distance)= R cos ð, (6 = kranti of 
planet) 

= Dyujyā or radius of ahorātra vrtta. 

sin NV = R sin $ , ®= akśāmśa of the planet. 

so, 

i Rsin$ x sin ZC” Rsing x sin ZC’ 

sin NCV = 7 a a 
Rule for finding natamśa-- 


This is as per Bhaskaracarya. In half day or 
half night time, a planet rises 90° from horizon, 
hence nata kala multiplied by 90 and divided by 
half day (or night in lunar eclipse) time gives 
natàm$a in degrees. This is not the angle from 
vertical Z point, but the angle between meridian 
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and samaprota vrtta, corresponding to nata kala. 
(H) 

Its relation with natám$a from Z is z = ZC. 
This can be found from spherical triangle NZC, 
cot Z C x sin ZN 


=cos ZN. Cos NZC + Cot ZNC. sin NZC 
But ZN = 90° hence sin ZN =1, cos ZN = 0 
Hence, cot ZC = cot ZNC. sin NZC 

cot ZC 

sin NZC 

or, tan ZNC = Sin NZC. tan ZC 

But, Z NZC = 90° + Z EZC = 90° + agra 
Hence sin NZC = cos (agra) 

Hence tan ZNC = cos (agra) x tan z 


or, cot ZNC = 


Rule for akéa valana : 


Surya siddhànta and Bhaskara II both have 
given the formula (1) ie. Jya of natakala is 
multiplied by Jya of aksamSa and divided by dyujya 
or semi diameter of diurnal circle. 

In this text, R sin NCV and R sin $ both 
have been approximated to the angles NCV and 
$ and dyujya is equated to 90°. When ò is small, 
- R cos ô = R sin 90°. nearly. Thus all the 4 jya are 
slightly increased to the arcs and the errors almost 
cancel each other as a rough rule. 

(b) Ayana valana is known from spherical 
triangle PCV in figure 18 

Sin Z PCV _ „sin CPV 

snPV  . sinCV 
sin PV x sin CPV 


or sin PCV - sin CV 
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PV- distance from dhruva to kadamba which 
is equal to parama kranti (angle between ecliptic 
and equator). CV is distance from dhruva whose 
jya is kotijya of kranti 

ZC P V is the 
angle between circles 
from C to ecliptic pole,,, 
and ayana circle K; P. 


V 


Positions of 
planet on ecliptic and S + E. 
equator are Lı and L2. 


Z CPVzarc Ki Li 
= 90° - ML; where M 
is vernal equinox. 
Hence Jyà of CPV is kotijya of ML; = sayana graha 
i , ]yà of parama krānti x koțijyā 
Thus sin PCV y Kotijya of kránti yy 
This is the formula given 


Figure 18 


Verse 60-65 : Period of lunar daytime: 


Solar day time has already been described. 
The period from moon rise to moon set is its day. 
At sunset time, sphuta sayana sun and moon are 
calculated. For sun, rising time (in asu) is calculated 
for remaining part of rasi and for moon, it is for 
lapsed part of rasi. These two udaya asu are added 
with rising times (udaya asu) of the ràsis from sun 
to moon. We add 56 asu to the total and divide 
by 360 to make them ghati. This time after sun 
rise moon will rise. 


For finding moon-set time, sayana sun and 


moon for next sun rise time is calculated. Rising 
time of rāśis between sun and (6rasi + moon) is 
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calculated and 56 asu lambana time is substracted. 
This time after sun rise, moon will set. 


Sara of moon is very little (within 5°9’ and 
almost zero at eclipse time). Hence time between 
rising and setting of sun will be its day time, which 
has been calculated for diurnal circle of sun. 


Sara in kala (minutes of angle) at rising time 
or setting time is multiplied by palabhà and divided 
by 12. Result will be added to rising time if $ara 
is south and substracted if $ara is north. Reverse 
is done for correcting moon-set time. Thus we get 
sphuta time of moon rise and moon set. 


Alternatively, sphuta gati of moon at midnight 
is divided by 19 and result in pala is added to 
night time'of sun. This gives day time of moon. 


Notes : (1) Difference between rising times of 
sun and moon is the difference between rising 
times of their raSis, since sun and moon move in 
almost same ahoratra vrtta. Sara at eclipse time is 
almost zero. 


Since, at pürnima time, moon-sun is less than 
180° (it is 180° at end of pürnimà), when sun has 
risen, moon will be slightly above west horizon. 
Thus difference of moon from sun +180° or (moon 
*180*-sun)distance is to be covered by moon for 
setting after sunrise. 


Due to parallax, angle of moon at horizon 
Seen from surface is 56' lower than the angle 
calculated from earth's centre. Thus moon will rise 
on horizon after covering 56’ more. Hence moon 
rise time will be later than the rising time of 
moon-sun by further rising time of 56'. 
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Similarly setting of moon will be earlier by 


corresponding rising time of 56’ extra arc. 


(2) Alternative formula --- Solar day in asu is . 
more than nakSatra day in asu (21, 600) by the : 


daily motion of sun (59.8"), extra time taken by 


earth to cover this distance covered by sun in mean : 


time. 


Similarly, lunar day is more than nakéatra day : 
by its daily motion in asu i.e. 790/35” It is more : 
than solar day by 790 (1-1/13.37) asu For true speed, | 
it is more than solar day by moon gati (1-1/13.4) | 
asu, relative speeds of sun and moon assumed | 


almost content 


Due to parallax the decrease in day time is : 


(moon gati/14) both at moon rise time and moon : 


moon gati 1 2 x moon gati E 


ri ONE 


2 13.4 


set time. Hence (moon ye night) 
su 


(Moon day = = moon - day and night ) 


moon gati 


n 


moon gati X — EE = ; pala 


moon gati 
1 
e, 


19 Pala approx. 


Verses 66-69 : Explaination of valana correction. 


On £reat circle from north pole to south pole 1 
in the sky, pole of ecliptic called ‘Kadamba’ is } 
situated 23°30’ south from north pole. This is | 


surface centre of ecliptic in north part of celestial . 
sphere. 


—-————— 


ER runs ET ara. 


| 


, 
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The south surface centre of ecliptic (kranti 
vrtta) is called ‘kalamba’ which is north from south 
pole by same 23'30' angle on ayana prota vrtta 
(between two ‘dhruva’) ‘Sara’ is calculated along 
kadamba prota vrtta which is distance from ecliptic. 


Moon disc moves fastest of all the planets. 
Hence only its difference along two circles ayana 
prota and kadamba prota is calculated. 


Distance of moon from 'dhruva' on dhruva 
prota vrtta and from 'kadamba' along great circle 
through kadamba is taken. Their difference (an- 
gular is multiplied by 360 and divided by 
circumference of moon disc (angular). This gives 
ayana valana. When moon is in north ayana, it is 
north valana and it is south valana in' south 
hemisphere from equator. 

For akéa valana, Lalla and Sripati have 
calculated versine of nata. But it has been done 
from R sine of nata by Brahmagupta and Bhaskara 
II. For ayana valana also two methods exist. One 
is from kotijya of madhya graha and the other 
from versine of bhuja of sayana graha. But in my 
method, no jyà is needed because nati is according 
to equator and ecliptic arcs. Hence koti degree and 
nata degrees only should be used for àyana and 
akSa valana. 


Note : Correct method and meaning of terms 
has already been explained. 


Verses 70-77 : Diagram of eclipse-- 

For making a parilekha (diagram), place is 
made plane like water level and a circle of 18 
angula semi diameter is drawn. East and west 
points are marked as explained earlier (in Tripra$na 
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dhikara) From these two points on circumference 
also two circles touching each other are drawn, 
each of 18 angula semi-diameter. In these two 
circles also, 4 points for cardinal directions and 4 
middle angles are marked. 


An east west line is drawn through centre of 
the two circles. A point is marked 1 angula north 
of north point of eastern circle and another point 
1 angula south of south point of western circle. 
When planet is in west kapala (west half of sky), 
a circle of 16/10 angula semi-diameter is drawn 
from southern point. When planet is in east kapala, 
same size circle is drawn from northern point. 


These arcs in the respective circles indicate 
kranti vrtta (ecliptic) 

Both arcs in the respective circles indicate 
kranti vrtta. In that signs of 12 rasis from mesa 
are given from west to east after making 12 equal 
parts. Centre of moon is kept in its correct rasi of 
kranti vrtta and around it, a partly eclipsed moon 
circle is formed. 

A line joining its two horns is drawn. The. 
line joining horns is equal to diameter of moon. 
With this diameter, circles are drawn at both 
external points of krànti vrtta. From this diagram 
moon will appear to be moving on krànti circle. 

In eastern circle, kranti vrtta is 328 yojana 


1 
north (23 " akéamáéa of karka rekha) from equator 


which is line between east and west points of the 
circle. Krànti vrtta is actually a straight line, but 
appears curved due to drawing in a plane figure. 
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Hence jyà or kotijya are not needed in àkóa or 
ayana valana. 

The curved shape kranti vrtta (and equator 
also) is perpendicular on all yamyottara (meridian) 
lines between two poles. Hence, on this krànti 
vrtta, distance from prime meridian (Ujjain or 
Greenwich) is de$àntara jyà. Similarly, akóa jyà is 
distance on north south line. 

Notes : This is like representation of earth in 
two touching circles in which karka rekhà and 
makara rekhà are north and south of equator. 


Figure 19 

In figure -19 central circle is only for finding 
east west direction. East, west circles are of 18 
angula semi diameter in which all directions have 
been marked. P' is 1 angula north of N}, Pl is 1 
angula south of S. Kranti vrtta. Q1 Q2, Q3, Q4 are 
drawn from these with 16/10 angula radius. This 
IS only for explaination and not to the scale. 
Owever, this is a copy of school atlas map and 
reasonings about akéa valana and àyana valana on 

that basis are not correct. 
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Verses 78-79 : Effective shadow of earth. 


In moon’s orbit, there is 5 kala less dark 
shadow (avatamasa or penumbra). On adding this, 
earth's shadow diameter increases by 10 kala. This 
semi dark shadow covers moon at other times also, 
then there is no edipse but light of moon is 
dimmed. 

1/3 part of this semi shadow (penumbra) is 
very dark hence it almost merges with main 
shadow. Hence 1/3 of avatamasa or 10/3 kalà is 
added to the earth’s shadow to find the effective 
diameter of shadow. 

Notes: 

(1) M; M; penumbra in moon's orbit is formed 

F 


Figure - 20 
by direct tangents GB and transverse targent FB' 
(this will be very close to B). 


ZFBG = 2R/r, where r is distance of sun 


R = radius of sun. 


Hence penumbra at distance rı of moon, 
making same angle. M2 BMi is 


AR 
n X ZFBG - -. yojānas 


6 2Rn 
85 r 


Kala 
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6 ,, 72000 x 48,705 
85: 76,08,294 

Thus the extent of lesser dark shadow is 
arbitrary. However, in penumbra, moon’s light will 
be definitely lesser. 

As explained earlier, the effective increase of 
earth's shadow is by 2% or about 1 kala due to 
absorption by atmosphere. 

Verse 80-81 : Size of earth's shadow- It 
'changes both due to sun distance and due to 
moon's distance, where its size is calculated. 


= 32.5 kala 


When .sun is near mandocca, it is farthest 
from earth, hence shadow is bigger when gati is 
small and at 90° from nica, it reduces. Hence 1/28 
of ravigati phala is added to shadow or substracted 
from middle value. 


Moon’s diameter is multiplied by 35 and 
divided by 13. In this, gati phala is substracted 
when positive. This gives true value of earth 
shadow. Method to find moon’s diameter has 
already been stated. 


Note : True dimensions of shadow hds already 
been stated based on true motions of sun and 
moon both in verse 27. This correction is based 
On arbitrary assumption of avatamasa' i.e. darker 
Part of penumbra. 


Verses 82-83 : Calculation of true earth 
Shadow-Due to relative rotation of sun around 
earth, earth shadow also rotates in same directon 
with same speed, but always remains opposite. It 
Overs moon according to its value in moon's orbit. 
There is difference of 1/20 perts due to variation 
Mm distance from sun. Due to varying distance of 
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moon also its value changes. But this is very small 
compared to variation due to sun, hence it is 
neglected. 


Now method to calculate effective earth 
shadow is explained. From sun's diameter (72,000 . 
yojanas), its 1/10th (7,200yojana) and earth diameter 
(1600yojana) are substracted. Remainder (63,200) is 
multiplied by mean moon distance (48,705 yojana) . 
to get (3,07,81,56,000). This product is divided by . 
true distance of sun. The result substracted from 
earth diameter is the diameter of shadow in moon's 
orbit. This diameter multiplied by trijya (3438) and 
divided by true distance of moon gives angular 
diameter. 


Note : 'Avatamasa' (dark part of penumbra) 
is 10/3 kala which is 1/12 of earth shadow (about 
40’) Hence (sun diameter-earth diameter) is reduced 
by 1/10 of sun diameter. Rest of the process is: 
already explained in verse 26, whose diagram will. 
make it clear. 


Verses 84-86 : Colour of eclipse 


From the shadow of earth, 40 kalà deducted 
gives the value of andhatamasa (dark penumbra). ! 
(shadow is as calculated above). When Sara of moon; 
is small, moon enters this dark penumbra and; 
looks very dark. 


When lunar eclipse is very little, sky turns: 
blue. In half eclipse, sky appears black. In more’ 
then half eclipse, it looks red black. In total eclipse, | 
moon becomes pale yellow due to its entry in 
earth’s shadow. In solar eclipse, there is no change 
in colours; we seen only moon which is relatively. 
dark. 
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Moon is always smaller than sun, even in 
angular diameter. Hence horns of sun are sharp 
in solar eclipse. But moon is cut by bigger circle 
of earth's shadow, so its horns are rounder in 
eclipse. 

Note : This is subjective description, hence 
no comments 


Verses 87-88 : Close 


Being dark in colour, shadow of earth is like 
rahu, in which moon enters at eclipse time and 
. gives mantra siddhi to vaisnava and tantrikas. They 
may do good to us. 


Thus ends the eighth chapter describing lunar 
eclipse in detail in siddhànta darpana written for 
education of children and correspondance between 
theory and observation by Sri Candrasekhara born 
in famous royal family of Ori$sa. 


Eighth chapter ends. 


Chapter - 9 
SOLAR ECLIPSE 


Solar Eclipse 


Verse 1 - In last chapter, eclipse of moon and 
sun both have been discussed in a general way. 
For solar eclipse, in addition, it is necessary to 
calculate lambana and nati and bimba of moon 
(angular diameter) also is different for the purpose 
of solar eclipse. These three will be specially 
discussed in this chapter. 


Verse 2 : Reason of lambana and nati 


At the end of amavasya, rāśi etc of moon and 
sun are same, even then they are seen in same 
direction only at the time of mid-day. On other 
times, they are not in the line passing through 
centre and surface point of observation. Why this 
happens for times other than mid day, will be 
described in this chapter. When sun and moon are 
in mid point of sky, their direction from centre 
and surface of earth is same. 


Verses 3-6 - Meaning of lambana and nati 


Sphuta ending time of amavasya calculated 
from sphuta. moon and sun is called $amaparva 
Kala’. This time after lambana correction is the 
middle time of grasa (eclipse) in solar eclipse. This 
is sphuta amànta time for the place. 

At amànta time calculated from earth’s centre, 
the difference between directions of sun and moon 
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is called lambana. This difference arising due to 
observation from earth's surface, and in east west 
direction is called lambana'. Its component in north 
south direction is called 'nati' or 'avanati'. When 
sun and moon are in mid sky, the line from earth 
centre to their centres passes through the surface 
point, hence there is no lambana or nati. 


When moon and vitribha lagna (lagna-90* on 
ecliptic) is same, there is no sphuta lambana, only 
nati is possible. When north kranti of vitribha lagna 
is same as (north) akéaméa of the place, then it 
has no nati also. 


When vitribha lagna's north kranti is more 
than aksaméa of the place, moon (at vitribha lagna) 
has north nati. If north krànti of vitribha is less 
than north krànti of the place, or krànti is south, 
then moon has south nati. 


In amavasya (corrected with lambana), moon 
and sun have same rāśi etc, hence nati in north 
south direction is easy to calculate. 


Verses 7-15 : Sphuta lambana by successive 
approximation - Instantaneous position of sun is 
found by method explained in sphutadhikara and 
from that, lagna of samaparva kala is calculated. 
By deducting 3 rāśis (vitribha), again kranti is found 
for that. This kranti and ak$amáa (direction of 
EOD being in different direction, difference is- 
taken. They are added if they are in same direction. 

Result will be nataméa of vitribha lagna; On 
Substracting this from 90^, it gives unnatamáa. Jyà 
of this unnatámáa is called sphuta drg-gati. 

_ Earth half diameter (800 yojana) assumed to 
* In sun or moon orbit, its angular diameter is 
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found in kala. (For sun's orbit, it is divided by. 
2213 and for moon's orbit multiplied by 6/85 
according to verse 15 of previous chapter). Result — 
is called 'Kuchanna Kalà'. This is equal to the 
parama nati of sun and moon. Difference of these 
two is the parama (maximum) nati in solar eclipse. 
Daily motion of sun 

164 
Daily motion of moon 

14 

Difference of parama nati of moon and sun 
in vikala is divided by difference of daily motions 
of moon and sun in kala. Result in danda etc. will | 
be parama lambana time. 


Parama lambana time in danda etc. is multi- 
plied by vitribha $anku of desired time and divided 
by trijya (3438). Result is antya of lambana. Jya of. 
antya (in asu) is called para. 

Alternatively; sphuta drg gati (vitribha $anku) : 
is multiplied by 100 and divided by 216. That will ’ 
give the same para. 


Now jyà of difference of vitribha lagna and: 
sun is multiplied by para and divided by trijya. ` 
Result is larbana jyà. Its arc in asu is sphuta: 
lambana. If sun is west from vitribha lagna, this’ 
lambana time in asu is added to samaparva kala, ' 
otehrwise it is substracted. Result is sphuta 
samaparva kala. 


Parama nati of sun = 


Parama nati of moon - 


For this sphuta samaparva kala, we again: 
calculate sphuta sun and vitribha lagna and: 
labana is calculated from their difference again. 
After repeated corrections, when there is no. 
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difference between two samaparva kala, that is the 
correct lambana. 

Notes - (1) Approximate use of this method 
has already been made in verse 4 of previous 
chapter to find possibility of solar eclipse. 

First we derive the equation of parama nati 
(already explained in appendix to tripra$nadhikara). 

z 


Figure 1 - Parallax of moon 

C is centre of earth and M is moon. From a 
local place O, the moon's zenith distance is z' and 
Zo is zenith distance from centre of earth. If OC 
= p, radius of earth for the place and CM = r, 
distance of moon from earth centre, then in AOCM 

NN EE Ea V 

sin COM | sin OMC 

But Sin Z COM = Sin (180°-z’) = Sin 2’ 
4L OMC = Z Z OM -Z OCM -zzzo- p i.e. 
parallax, 

Thus Sin p = (plr) sin z. 

Maximum parallax P= È occurs when. z-90* 
ieSinz-1. . 


This is parallax when moon is at horizon 
radius of earth (1) 


Thus = ——————————— 
parama lambana P Dic of mion 
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This is angular radius of earth if it is kept in 
moon's orbit, hence it is called 'Kuchanna' .ex- 
pressed in kala (minutes) i.e. ku = earth, channa 
- removed (to moon's orbit). Similarly parama 
lambana of sun is earth's angular radius if it is 
viewed in sun's orbit. 

Alternative formula - For moon P in kala 

3438 6 


48705 - 85 X radius of. 


- radius, of earth x 


earth 

(Verse 15 of previous chapter). 

But radius of earth = 800 yojana, moon's daily 
motion in kalà is 790/35" which is slightly less than 
earth radius. Hence 

mon's daily motion 
EDGE NAM E (2) 

Similarly parama lambana P’ of sun is (mean 

value) l 


3438 ` Earth radius kalā 

= radi he uoc. eee ee 
P' = radius of earth x 76,08,294 2213 

(Result mentioned in verse 15 of previous 


chapter) 
= Sun daily moiton 
x Earth radius 
2213 x sun daily motion mean 
.Sin daily motion x 800 _ Sun daily motion 3) 
2213 x 59/8 164 
(2) Explaination of the terms : 


In figure 2, LNE is horizon and Z is zenith 
in celestial sphere. 


MVS is ecliptic and K its pole. 
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M is meridian point of eciptic and V is 
vitribha lagna, i.e., shortest distance from Z. Since 
ZV is perpendicular, it bisects the ecliptic above 
horizon, hence V is at 90* from horizon point L 
called lagna. Thus it is called vitribha or 3 raéi less 
(than lagna). 


Figure 2 - Explaination of drgjya etc 

ZA is perpendicular to MK, so sin Z A is drg 
. gati of madhya lagna M (or smaller drggati). 

ZB is perpendicular to SK - so that R sin ZB 
is drggati of sun S (or larger drggati). 

ZS is zenith distance of 5; R sin z is drg jya. 

ZM is zenith distance of M, R sin ZM is 
madhya jya. l 

Distance from Z in direciton of ecliptic is thus 
drg gati. Distance from Z in direction perpendicular 
to: ecliptic is drkkSepa. Thus drkkSepa of M, V and 
S are AM, ZV, SB. Total distance from z is drgjya. 

(R sin ZS)? = (R sin ZB)? + (R sin SB)? 

or drg jyà? = drg gati? + drk kéepa?- - -(4) 
(R sin SB}? = (R sin MAP = (R sin ZMy - (R Sin 
AZ)’ 

Or drk kéepa? = drgjya of madhyalagna? 
"drggáti of madhyalagna? - - - -(5) 
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(3) Lambana antara of Sun and moon 
is zZ v 


Figure 3 - Lambana of solar eclipse 
Portion ZVSB of figure. z is repeated here as 
ZVMA. M is the common geocentric position of 
moon or sun at end of amavasya. 


S’ and M' are apparent positions of sun and 
moon due to parallax, when viewed from surface. 
Thus MM’ = p MS’ = p’ : 

VM is ediptic and K its pole. V is vitribha 
lagna, Z is zenith. 

M'D. and S'D' are perpendicular on ecliptic. 

M'B and S'B' are perpendicular on KM 
produced l 

Arc MD or M'B is lambana i..e parallax of 
moon along ecliptic. 


Similarly arc MD' or S'B' is lambana of Sun. 
Arc D'D is lambana of solar eclipse or difference 
of lambanas of moon and sun. 


ZA is perpendicular to KM. Then from similar 
triangles MBM’ and ZAM we have 


R sin ZA x R sin MM’ 
R sin ZM 

But BM’ = MD = R sin BM’ approx 

Drg gati x R sin p 
R Sin z 


R sin (BM’) = 


or R sin MD = MD = 
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= Drg gati X parama lambana P (6) 
Sin p 
Sinz 
Similarly MD’ = Drggati X.P' (7) 
where P and P! are parama lambana of moon 
and sun. 
Thus DD’ or lambanantara = MD-MD' 
= Drg gati X (P-P’) - - - from (6) and (7) 
- Drg gáti X parama lambana antara (8) 
Parama lambana (antara) in time units is the 
time in covering that distance by moon. Relative. 
speed of moon is moon gati - sun gati - m' kala 
Hence Parama lambana’ time ; 
Parama lambana kala 
7 . m' kala/day day 
_ Parama lambana vikalà 
7 m' kala 
Thus DD’ in ghati 
= drg gati X parama lambana antara ghati 
(8a) . 
(4) Vitribha Sanku and drggati - In figure 2 
ZV = nati of vitribha lagna 
= nati of equator - kranti - - - (9) 
In figure (3), KV = KM-90* 
In similar triangles KZA and KVM . 
R sin KZ R sin ZA. 


R sin KV E R sin VM 
R sin KZ x R sin VM 
'"R 


as From (1) P - 


ghati 


or Drg gati R sin ZA = 
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But R Sin KZ = R sin (90° - ZV) = vitribha 
$anku. 
R sin VM = ista Sanku of sun or moon. 
Vitribha $anku x ista $anku 
Radius 
T vitribha $anku x Jyà of vislesámáa (10b) 
Radius 
where VM = difference of sun and vitribha 
called vislesaméa 
From (8), lambana 
Param Jambana x vitribha $anku 


Thus Drggati = (10a) 


radius X dys.er- 
viśleşmśa (11) 
56 x 60 
Parma lambana - EE uM danda 


56 kalà is moon's parama lambana, sun 
lambana is negligible, it is converted to vikala, 731 
is difference of moon and sun gati 

| 56: x 60 x 360 


731 u - 1658 asu (taking 56/6/35 for 


56) 
Parama lambana " 1658 ] 100 - .- (Ma) 
radius 3438 216 - 
Actually it comes 207, but after pee in . 
moon rise it is 216. 


(5) Summary of procedure - | 
"Natàmsa of vitribha áanku is found from its - 


kranti and akSamSa - - - - equation (9) 
‘Para’ is calculated from 100/216 x vitribha — 
éanku - - - (11a) l 
] Parama lambana x vitribha Sanku 
o ——— ———————————————  ----() 
radius 


Then from equation (11) 
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Lambana = Para x Jya of vislesamSa in asu 
E x Para x Jya of vislesamSa in kala 
radius 

(12) . l 
For local place on surface, moon will be in 
same direction as sun before geocentric amànta 
when sun is in east. Because both move in east 
direction and in east half of sky moon appears 
further east due to parallax. In west sky, moon 
wil be towards west, and it will reach sun's 
apparent positon towards east after lambana time. 

Lambana will change at new position, hence 
the procedure is repeated for further accuracy. © 


Verse 16-22 : Accurate lambana in a single step. 


Now I tell the method to find accurate 
lambana, in a single step. 

At samaparva kala, kotijya and bhuja jya of 
difference between sun and lagna is found. Square 
of (difference of para stated. above and bhuja jyà) 
and square of koti jyà are added. Square root of 
sum is karna. Koti jya multiplied by para. and 
divided by karna gives mean lambana time in asu. 
From this mean lambana, samaparva kala is 
corrected and drggati of that time is multiplied by 
madhyama lambana and divided by initial drggati 
(Here drggati means drg gati of tribhona lagna i.e. 
vitribha áanku). This is madhyama sphuta lambana, 
as stated by Bhaskara II. i 

If this is more than madhyama lambana, their 
difference in asu is squared, multiplied by madhya 
lambana. Result is added to madhya sphuta 
lambana. We take any of these - Ist sphuta lambana 
of Bhàskara or second sphuta lambana - multiply 
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it by mean gati difference of sun and moon and 
divide by (first sphuta gati of moon - sphuta sun 
gati.) By this Bhàskariya lambana becomes more 
sphuta. With this value of sphuta lambana in ghati, 
parva kala is corrected as before. 

Alternatively, at sphuta parva kàla, kotijya of 
difference of sphuta sun and lagna is multiplied 
by 276 x drggati and divided by trijya. This gives 
lambana in pala. 

This is multiplied by difference of mean gati 
of sun and moon and divided by difference of 
sphuta gati. This will give difference of sphuta and 
samaparva kala. 


Notes (1) Bhaskara formula - 


Figure 4 - Bháskara sphuta lambana 


E is earth, circle with centre E is sun orbit, 
circle with centre O is moon’s orbit, deflected due 
to parallax. 


Vitribha lagna V and V’ of the orbits are in 
same direction from E, so that when sun is at V 
and moon at V’, there is no lambana. 

Maximum lambana for this position of ecliptic 
is when distance from vitribha of sun and moon 
is 90°. This is OE. Directions OM and ES of sun 
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from their vitribha is same, hence these lines are 
parallel and equal. In parallelogram ESMO, SM 
also is parallel and equal to OE. Thus SM is equal 
to parama lambana or ‘para’ in short. - 

SM // VE, hence is perpendicular to horizontal 
lines at G and A. i 


Now in similar triangles SDM and EMG, 


SD = EG x SM 

7 EM l 
or R sin (lambana) = meno = A paa eic (1) 
Karna EM 


= VMG «rc? = VisG — SM}? + EG? 
= VIR cos (S = V) — para}? + [R sin (s- V) ws (2) 


drkkSepa $anku x R sin 25-57" 
where para = R - - (b) 


We get maximum lambana when drkkśepa 
$anku = R i.e. vitribha coincides with zenith and 
ecliptic is vertical. Then it is 1/14 of daily movement 
of moon which is 360° in angles. Thus max. 
lambana = 360°/14 = 25-5/7°. 
Putting values of (a) and (b) in (1) we get 

the formula. 

(2) Further corrections : Vitribha lagna is 90° 
from lagna by definition, hence V-L = 90°, L = 
lagna. 

Then Sin (s — V) = Sin [(V-L) - (S-L)] = cos 
(S-L) and cos (S ~ V) = Sin (S~L) | 

_ Further correction is based on sphuta gati 
difference of sun and moon as we had assumed 
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average gati in formula (b) above. Lambana angle 
= madhya lambana X madhya gati diff. 


= sphuta lambana time X sphuta gati diff. 
This ratio is basis for further correction. 


Verses 23-39 : Nati correction in $ara 


After finding mid point of eclipse by methods 
described above, we have to find sphuta sthiti 
ardha in which $ara of moon is to be corrected by 
nati. 


For this; last sphuta gati of moon is found 
for eclipse purpose as explained in chapter 6. That 
will be multiplied by sphuta lambana in ghati and 
divided by 60. Quotient will be added or sub- 
stracted in sphuta sun of samaparva kala as 
lambana correction. Pata of moon (rahu or ketu) 
is corrected with digamSa phala (1/10 of sun 
: mandaphala - chanpter 6) and is substracted from 
sphuta moon. From this difference (candra-rahu), 
$ara is calculated. 


Then from sphuta sun (sayana) of that time, 
lagna and vitribha lagna of sphuta parva kala is 
found and their kranti is calculated. 


South Sara is added to aksamSa (where 
equator is towards south) and north $ara sub- 
stracted to get SarakSa. 


Sarakéa and vitribha kranti are added, if in 
same direction or substracted for different direc- 
tions. Result is nata (north south distance of moon 
from zenith). Jya of this arc is natajya. This is also 
called versine of madhya lagna or udayajya. 

Madhya jyà is multiplied by udaya jya and 
divided by dyujyà. Square of quotient and square 
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of madhya jya are added. Square root of sum is 
drkksepa. 

Alternatively, vitribha lagna is assumed sun, 
and for that position kranti and cara are calculated. 


15 ghati + cara = dinardha and its difference 
with vibribha lagna is natasu. From this vitribha 
natásu; drkjyà is found through utkrama jya, 
cheda, ista hrti, and vibribha $anku as explained 
in seventh chapter. (verses 45-51) 

Arc of this drgjyà is vitribha natàméa. When 
vitribha krànti is north of local aksaméa, then 
nataméa is north, otherwise it is’ south. This 
natamáa and $ara of moon will be added, if in 
same direction, otherwise difference taken. Jya of 
the resulting arc is drkk$epa. 


Thus there are two types of drkkéepa. Both 
are separately multiplied by moon gati in kalà and 
divided by trijyà. Results are added when manda 
kendra of moon is in six raéis starting from karka 
(90° to 270°) or substracted for other six rāśis. By 
this, drkkSepa becomes sphuta. 

When grasa is less than 1 kala or more than 
28 kalà, then the second drkksepa is used which 
is corrected with vitribha nataméa. For grasa 
between 1 to 28 kalà first drkksepa is used which 
1$ corrected with $arákéa vitribha kranti (1/60 of 
total eclipse is one kala - when moon has Sara, 
eclipse will be less than half and hence Sara is 
used for correction). 


Difference of sun (21/38) and moon parma 
nati (56/28/13) i.e. (56/6/33) multiplied by drkksepa 
and divided by trijyà gives éphuta nati. 
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: Diep ee 
: 225 
Also sphuta nati - ENT p 
. This is in direction of drkksepa. l 
Śara of moon and sphuta nàti are added if : 
in same direction and difference is taken for ; 
opposite direction. Resulting direction will be 
direction of greater value of $ara or nati. From 
that, grasa and sthiti ardha are calculated according 
to method stated in last chapter for lunar eclipse. . 


When north sara of moon is more than the | 
ak$améa of the place, akSamSa will be substracted % 
from it. Difference will be north $arakéáa. When ; 
north kranti of vitribha is less than this śarākśa. 
but more than ak$améáa, then akéaméa is sub- |! 
stracted from vitribha north kranti and result atided s 
to SarakSa gives north nata. 


Vitribha north kranti if less, is deducted from 4 
akS4méa and from remainder; śarākśa is substracted .: 
to get south nata. If SarakSa is more than: 1 
remainder, their difference will be north nata. 4 

1 


Sum of vitribha south krānti and akéaméa if 3 
less than $arak$a, their difference is north nata. j 
These corrections are necessary for all places SAVE : 


more than 1° akéamáa. 


i a A " 


. .Thus in almost all places except equator ; 4 
region, nataméa is calculated from vitribha kranti :: 
corrected with $arak$a; and drkkéepa, madhya: jyā, 
nata in north south direction are calculated. ; 

Notes : (1) Moon's latitude from ecliptic ` s 
depends upon its distance from pata (rahu or ketu). 
Its effective latitude for solar eclipse is latitude 
corrected for nati. 
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Now nati itself depdnds upon moon's distance 

from zenith towards south - consisting of two 
components - 

Distance of vitribha from zenith (it is only in 
north south direction - it is sum of akéamóa and 
kranti. 

Distance of moon ftom ecliptic - i.e. Sara, 
Thus total distance in north south direction is 
algebraic sum of. 


Kranti of vitribha--akáamáa of place+Sara- -(1) 
These are added if in same direction and 
substracted if in different direction. 


Total Sara = Saratlambana - - (2) 


(2) Nati of moon : 

In figure 5, Z is z 
zenith, V is central ecliptic 
point (Tribhona lagna), S 
the sun, S’ apparent sun v 
due to parallax, and S'A S 
the perpendicular from S' A 
on the ecliptic. Then from 
similar triangles SS'A and 
SZV, Figure 5 - Nati of moon 


5 


S'A or Sun’s nati (approximately R sin S'A) 
. Rsin ZV x R Sin SS’ 


RsnSZ "UU (3) 
Sun's drkkéepa X R sin SS’ 
7 R sin SZ 


But R sin SS’ 


parama nati of sun X R sin SZ 
or wea eee = sere een 
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Earth's semi diameter in yojana x R R sin SZ 
- Sun's mean distance in yojanas R : 
Hence, Sun's nati Ae 
Sun's drkkSepa x Earth's semi diameter in yojanas 

Sun's mean distance in yojanas 
Suns drkkSepa x sun's true distance in yojana 
Sun's mean distance in yojanas 

Sun's true distance in yojanas : 

Sun's drkkSepa x Sun's manda karna in minutes 
: R 

Earth’s semi diameter in yojanas 

Sun's true distance in yojanas 

or, Sun nati 


 Sun's true drkk$epa x Earth's semi diameter in yojana; 
Sun's true distance in yojanas. 


H 


Similarly moon's nati = 
Moon's true drkkśepa x Earth's semi diameter i in yojanas. 
Mon's true distance in yojanas 


Alternate formulas 
From (3) and (4) : 
_Sphuta nati (difference of sphuta nati of moon | 


and sun) 
, Diff. of parama nati X drkkéepa —— — (8) 
Radius l 
as drkkéepa of sun and moon is same when 
they have same longitude after lambana correction, 
giving the values— 
. , 56/28/13 — 21/38 
Sphuta nati = drkkSepa x TU TEM ur 
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drkk$epa i 1 
- 61 


(3) Complete procedure for sthitiardha - 

(a) First of all, calculate the time of geocentric 
conjunction (ganitagata or karanagata darsanta or 
amanta). Then calculate the lambana for that time 
and treating it as lambana for the time of apparent 
conjunction, obtain the time of apparent conjunc- 
tion by the formula - 


Time of apparent conjunction = Time of 
geocentric conjunction +Lambana for the time of 
apparent conjunction - - - - (1) 


+ or - sign being taken according as the, 
conjunction occurs to the west or east of the central 
ecliptic point. Next, calculate the lambana for the 
time of apparent conjunction obtained and then 
again apparent conjunction is calculated from 
formula (1). 


For the time of this second apparent conjunc- 
tion, lambana is calculated and again aparent 
conjunction is calculated (third) by formula (1). 


This process is repeated till lambana for the 
time of apparent conjunction is fixed. Applying 
this lambana in formula (1) we get the correct time 
of apparent conjunction. This is the time of spasta 
dar$anta or spasta amanta, and also the time of 
middle of the eclipse. 

(b) Sparsika and maukáéika sthiti ardhas - 
Calculate the semi diameters of the sun and moon 
and also moon's true latitude corrected for nati as 
explained in notes (1) and (2), for the time of 
apparent conjunction. This is almost equal to 
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moon’s latitude at first contact time fj. If S and : 
M are semi diameters of Sun and moon, d is ; 
difference between true daily motion of moon and ! 
sun in degrees - 


72 4 NAV 22 : 
sparsika sthityardha = Vis +My" ghatis -- (2) : 


In practice, one uses the semi diameters of 
the sun and moon for the time of apparent 
conjunction, because, for the time of first contact, 
there is negligible change. 


AR 


Therefore, time of first contact 
= Time of apparent conjunction - sparsika : 
sthityardha - — - & Dus cose nee e 
Next, calculate the moon's true latitude for | 
the time of first contact thus obtained; and then : 
find the spārśika sthityardha by formula (2), then | 
time of first contact by formula (3). 
Then calculate the moon’s true latitude for ; 
the time of first contact (2nd value), then calculate | 
the sparsika sthityardha by formula (2) and time: 
of first contact by formula (3) again. 


Dicit t. 


sthityardha and the time of the first contact are | 
fixed. 


Repeat this process unitil the sparsika | 
1 
j 

The sthityardhas and vimardardhas which are | 
thus obtained are called madhyama (or mean), | 
because they are still uncorrected for lambana. 

(c) Lambana for times of apparent first contact 
and separation-Calculate the lambana for the time | 
of first contact obtained above and treating it à] 
the lambana for the time of apparent first contact, : 
obtain the time of apparent first contact by the ; 
formula— 2 
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Time of apparent first contact = time of first 
contact + lambana for the time of apparent first 
contact - (4) 

+ or - sign being taken according as the first 
contact takes place to the west or east of the central 
ecliptic point. 

For the time of apparent first contact, thus 
obtained, calculate the lambana afresh and applying 
it in formula (4), obtain the time of first contact 
again. 

Repeat this process until the lambana for the 
time of apparent first contact is fixed. 

Similarly, find the lambanas for the times of 
apparent separation, immersion and emersion 

(d) Sparsika and mauk$ika sthityardhas, cor- 
rected for lambana — 

The madhyama sparsika and madhyama 
maukSika sthityardhas corrected for lambana, are 
called true (sphuta) sparsika and sphuta maukéika 
sthityardhas. They are obtained by the formula. 

True sparsika sthityardha = time of apparent 
conjunction - time of apparent first contact 


True maukSika sthityardha = Time of apparent 
separation - time of apparent conjunction. 


Similarly, 
True sparsika vimardardha = Time of apparent 
conjunction - time of apparent immersion 
True maukéika vimardárdha = Time of ap- 
Parent emersion - time of apparent conjunction 


Verses 40-42 : More accurate value of moon 
diameter (bimba) - Bimba (angular diameter) of 
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sun and moon is calculated according to method 
given in previous chapter on candra grahana. Now 
method is being given to make it more accurate, 
This has not been told by any earlier scholar 
(acarya). 

If manda kendra ‘of moon is in six raéis 
starting with karka, its koti phala is substracted 
from trijyà, otherwise they are added. Square of 
the result is added to square of manda bhujaphala. 
Square root of sum is substracted from twice the 
trijya. By remainder, square of trijya is divided. 
Result will be manda karna in lipta (i.e. kala or 
minute of arc). Mean bimba kala of candra (31/20) 
is multiplied by trijyà (3438) and product (107724) 
is divided by manda karna. It will give sphuta 
bimbamàna of moon. 


Notes (1) If R and r are radius of main circle 
and manda paridhi, then 


Koti of karna = R + r cos 0 

when 0 is manda Kendra 

Bhuja of karna = r Sin 0 

Hence, karna K is given by 

K? = (R + r cos 0 + (r sin Oy - - - (1) 
This is the correct formula. However, in place 


of bhuja phala or koti phala we take the lower 
value 


Bhujaphala = r sin 0 x RK 

Similarly, kotiphala, r cos 0 also in reduced 
in same ratio. 

Thus we take 


R 
Ky = k + rcos0x 5 


2 
: R rsin x R 
K K 
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2r R 
= R? + $3 (cos 8 + Sin 0) 


2 
Rr 
+ Li (cos? 0 + Sin? 0) 
TR 
or Ki = R + K {cos 6 + Sin 8) approx. - - - (2) 


o rR 
2RKi = R- (cos 6 + Sin 6) 


R? R? 
ORK 2 4R ee a 
: R- 2 (cos 0. + sin 6) 
E | 


per (cos 0 + sin 0) 


=R [1+4 x (cos 0+ sin 6)] = K from (2) 


(2) Mean bimba X mean distance (trijyà) 
= True bimba X true distance (manda karna) 
- Diameter in length units. 


Verses 43-45 : Methods for calculating 
tamomana - 


(1) At the time of sphuta amànta time, we 
find $anku and drgjyà from spasta sun. Parama 
lambana (56/28) is substracted from $anku. Squares 
of remainder and drgjyà are added and of the 
sum, square root is taken. This will be tama 
karna (chàyà karna). Sphuta candra bimba is 
multiplied by trijya and divided by tama-karna 
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This gives tamo-màna or grahaka (eclipser) value 
in solar eclipse. 


(2) Alternatively, 1/60 of sphuta candra bimba 
is multiplied by $anku of sphuta parva time and 
divided by trijyā. Quotient is added to sphuta 
candra bimba to get tamomana. 

(3) Due to hard labour involved in calculating 
tamo bimba through $anku etc., I have found an 
easy method also for this. Unnata kala in ghati at 
the time of sphuta parva kala is multiplied by 2, 
the product in vikala is added to sphuta candra 
bimba in kala etc. 


Notes : (1) In previous verses sphuta candra 
bimba has been calculated for its variation in 
distance from earth's centre. However, due to 
parallax in observing moon from surface, its angle 
from vertical is increased, but distance is decreased. 
Though we correct the angle difference, the 
distance difference still remains. Since moon is seen 
at a nearer distance due to parallax, its effective 
angular diameter will appear increased. We have 
to calculate the increased bimba mana. Here : 
tamo-mana is not the value of shadow, because 
shadow is not the cause of solar eclipse. Moon 
disc itself appears dark compared to sun and is 
called tama. 


(2) Derivation of formula - Figure 4 after verse 
22 may be referred to For clarity, a smaller figure 
is made here (figure 5.) OZ is vertical and ZSH 
the great circle from Z through S, centre of sun 
and Moon. OH is horizon line. Sun and moon are 
at same place on samaparva kala, but figure at 
amanta time is shown when M is separate due to 
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parallax, so that distance difference is shown. 
¿SOZ = Z is distance from vertical. SP is $anku 
= R cos Z, and SN = R sin Z is drgjya. 


` [v] P H 
Figure 5a - Tamomáàna increase in bimba due to parallax 

Due to parallax, moon is lowered to M' where 
SM’ is equal to parama lambana of moon (as in 
figure 5a). i : 

SM' - P. On celestial sphere moon is seen at 
M in that direction. SM is small and this arc and 
straight line are almost same. 

In right angled triangle SMM’, Z SMM’ = 90°, 
4 SM'M = z' when ZOM = z'. At sphuta samaparva 
kala z = z’. 

Thus lambana SM = SM’ sin z’ = P Sin z’ 
which is according to the formula for lambana. It 
comfirms that apparent height of moon is lowered 
: by distance SM’ = parama lambana. 

Apparent distance from surface is OM’ = 
tamo-karna of moon 

OM” = OP? + PM? 

= NS? + (SP-SM’)* 

or tamokarna 


= Vdrgjyà? + (Sanku — parama lambana)?- (1) 


Sphuta bimba of moon has been calculated 
for the distance of radius OM from earth’s centre. 
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Apparent bimba at M' is bigger, which is 
tamomana. 
Hence, linear diameter being same 
linear diameter = tamomana x OM’ 


= sphuta bimba x OM 
Sphuta bimba x Trijyà 


or, tamo mana = Tana kama - - - (2) 
(3) Alternate formula - 
E 2 Trijya 
Increase in sphuta bimba = 1 d J parts of 
bimba 
,OM-OM MM , Pcoz | : 
t7 OM OM ^mn-Pcsz ~ ©) 
P- 
when z = O, at Z, increase is maximum = R-P 


Absolute in crease is P cos z' 
Then fractional increase in sphuta bimba 


P R cos z’ 
==> —— ——,asPcosz' = P 
R-P R j 
56/28 Sanku i as Sanku 4 
3438 — 56/28 Trijya 60 Trijyà ` (4) 


In 15 ghati unnata kala, increase in moon 
bimba is 1/60 of sphuta bimba = 1/60 x 30 kala 
approximately, when moon is at Z. 


1 30 
. Hence in 1 ghati increase is B*E kalā 
= 2 vikalā approximately 
Thus for each ghati unnata kala, sphuta birnba 
increases by about 2 vikalà. 
Verses 46-47 : Hara of solar eclipse. 


Sphuta candra gati is. multiplied by 1/60 of 
sphuta $amku of sun and divided by trijya. In 
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uotient, final sphuta gati of moon is added. Sum 
substracted from sun gati will be hàra at the time 
of eclipse (mid time). 

Unnata kala in ghati is reduced by its 1/8, 
remaining is assumed as kalà and added to final 
sphuta gati of moon and sphuta gati of sun is 
substracted. Result is hara of spar$a and mokéa 
time. 

Notes : (1) Hara means multiplier; here the — 
purpose of this multiplier is not mentioned. 
However, in verses 46-50 of previous chapter on 
lunar eclipse, hara is used for calculating amount 
of grasa (magnitude of eclipse) at desired time. 
Hara in that context is difference of moon's speed 
and sun's speed. For solar eclipse this ‘needs . 
accurate calculation and correction for lambana. 

Hara = Candragati - sürya gati - - - (1) 

In this, variation due to parallax is only in 
candragati as the parallax of sun is negligible. 

ae linear diameter 

Bimba = — —,—— ——— 
true distance 
linear motion 
true distance 


Thus bimba and gati of moon both increase 
in same proportion due to apparent decrease in 
distance due to lambana or parallax. 

Thus according to first alternative formula in 
note (3) of previous verse, equation (4) is 

Proportional increase in candragati 

1 sphuta $anku 


T *  Tryà PEST 


gati = 
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This correction put in equation (1) gives the 
first formula for lambana corrected hara 

(2) Hara for spar$a or mokSa time - 

At 15 ghati unnata kala the increase in 
candragati from (2) is 1/60 part of its gati,. when 
moon is at Z approximately. 

This increase is 790'35/60 - 13-1/6 kàla ap- 
proximately. Hence, proportionate increase of each 
ghati in moon gati is 


151 
B E E 
15 = 6 x 15 = 8 ala approx. 


Thus ghati is reduced by its 1/8 and remaining 
part taken as kala is the increase in daily motion 
, of moon due to parallax. For this, unnata ghati of 
spar$a or mokśa time is taken. 


Verses 48-49 : Difference in solar eclipse at 
each place. 


In lunar eclipse, shadow of earth and moon 
- both are at same place (in moon's orbit), hence 
grasa is same at all places, because there is no 
parallax. But in solar eclipse, chadya sun and 
chadaka moon are very far from each other. Only 
at a particular place, they may be in one line, but 
at other place they will be seen in different direction 
due to lambana (or parallax). Thus solar eclipse 
has different magnitudes for different places). Even 
due to a small difference in east west or north 
south direction, there will be difference in total 
ecipse, annular or partial eclipse. Hence, they are 
to be calculated. separately for each place. 


Notes : Location of the point of observation 
is only reason for solar eclipse, other wise they 
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are vastly far from each other. This has been 
explained in beginning of previous chapter and 
while calculation of solar eclipse also. 


Solar eclipse is seen in a very small circle cut 
in moon's shadow cone by earth's surface. In north 
south direction from that circle, eclipse will become 
partial and then non existant. 


Due to relative motion of moon towards east 
the shadow circle on earth's surface moves from 
west to east and finally leaves. Thus the eclipse is 
earlier in west and later in eastern places on the 
strip of earth surface. Thus due to east west 
difference of places, eclipse times and grasa times 
will be different (according to standard time also). 


When tip of shadow cone is about to leave 
earth surface, before and after the strip, when circle 
on surface is of zero radius, extended shadow cone 
touches the surface. Then annular eclipse is seen 
at those places. 


Verses 50-53 : Madhya sphuta sthiti kala 


According to rules explained in candra 
grahana chapter, we calculate the sphuta $ara, half 
sum of bimba. From hara of grahana time we 
calculate the sthiti ardha and marda ardha in ghati. 
By adding or substracting this from samaparva kala, 
we get times of spar$a, mok$a, sammilana and 
unmilana. 


Then current lagna and vitribha lagna is found 
and lambana in east west direction is calculated. 
Sparáa and mokéa times are corrected with this 
lambana. For these spar$a times etc, we calculate 
the lambana again and second value of sthitiardha 
and sparáa kala is found. For second values of 
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spar$a and mok$a times, lambana is again calcu- 
lated and from that we get third value of spar$a 
or mokSa. After repeated process, when there is 
no difference in successive values, we get the true 
values. 


Verses 54-56 : Sphuta sthiti kala by Sara 
correction From difference of sphuta parva kala 
and these times of spar$a etc., we get the values 
of both sthiti ardha and marda ardha in ghati etc. 
Alternatively, we find the sphuta $ara by single 
step method (verse 45 of previous chapter), and 
new values are found. From their ratio, $ara for 
spar$a and mokśa time is found. One difference 
is + ve and other is negative. Both changed by 
half the sum give the Sara of spar$a, mokSa time. 


From this Sara, second value of second sthiti 
ardha is found. From that we find Sara for spará$a, 
mokśa and middle time Sara. Then we find the 
difference of middle Sara with the Sara of spar$a 
and mok&a times. By proportionate difference we 
again find sphuta $ara ardha. After repeated 
process sthiti ardha becomes spasta. 


Notes : (1) Correction of sthti ardha for 
lambana by repeated process has already been 


explained after verse 53 and in notes after verse 
39. 


(2) Suppose the $ara at middle time be L and 
.Spar$a time Sara is lj. By single step method, the 
spasta Sara is L’. Thus difference of Sara is L’-l, in 
single step method and L-l in repeated method. 
Thus the difference of single step method is to be 
changed by (L-h)/(Li-h) for correct difference. Thus 
we get accurate Sara by one step method. If sparéa 
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time Sara is less than middle time Sara, mok$a time 
&ara will be more. 


Verse 57 : Method for small sthiti ardha We 
take the difference of sthiti ardha after Ist lambana 
correction and the sthiti ardha before that correction 
(initial value). Square of difference in pala is 
divided by initial sthiti ardha. Result is added to 
sthti ardha obtained initially. 


This process is done only for sthiti ardha less 
than 1 danda. From new values we get correct 
spar$a time etc. 


Note : Let the sparga times counted from 
middle eclipse time be to, t; and t; before Sara 
correction and after first and second Sara correc- 
tions. For small sthiti ardha, second corrected time 
t; will be almost correct time. Change in sthiti 
ardha after Ist correction is 


ti- to = t |—— 1 
: ] to 


It is assumed that sthiti ardha will change in: 


t 
same proportion - — 1| in next step also. 
0 


t (ti — to) 
t2-tọ = to A =i 2- (ti — to)" 
to : to 
Thus the correction is obtained by dividing 
Square of difference of initial and first corrected 
Sthiti ardha by initial sthiti ardha. l 
Same process can be used for mokéa time 


also. Proportional decrease or increase can be 
assumed only for small sthiti times. 
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Verses 58-60 - Single step method for sphuta 
sthiti time. We obtain sphuta Sara for sparóa or 
mok$éa times after adding or substracting madhya 
sthiti ardha from lambana corrected amanta. If this 
$ara is more than sum of semi diameter of the 
bimba; or equal to it, then madhya sthiti ardha is 
multiplied by grasa kala and made half. It is divided 
by difference of parva kala Sara and Sara at spar$a 
or mok$a time (expressed in kala). By this, moksa 
and sthiti ardha are found in a single step only. 
From sthiti ardha times obtained, the corrected 
middle time gives sphuta lambana in one step only. 
Then sphuta Sara will be found for lambana 
corrected spar$a and mokéa times in one step only. 


Note (1) Gràsa kala is amount of grasa | 


expressed as ratio of diameter of eclipsed planet, 
out of total kala of 60. Thus 
2 _ Sum of semi diameters — Sara 
grasa kala = Di -eclipsed graha x 60 
When Sara is more than semi diameter sum, 
then the planet will not be eclipsed and eclipse 
time will be shortened. 


Average value of Sara between madhya kala 
and spar$a time is taken. When grasa is small, its 
value nearer to middle time is taken, as the real 
sthiti ardha itself is shortened. 


Verses 61-62 : Annular eclipse 


In solar eclipse when bimba of sun is more 
than tamo-bimba (apparent bimba of moon in- 
creased for parallax, then eclipse will be annular 
(valaya grasa). Then, from sum of semi diameters, 
diameter of moon is substracted. From square of 


sainta 
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the difference, square of sphuta Sara is substracted. 
From square root of this difference, we find sthiti 
ardha etc. in pala as per method described in lunar 
eclipse chapter. This sthiti ardha pala is corrected 
for larhbana and on adding or substracting from 
samaparva kala, we get beginning and end times 
of valaya grasa. 

Notes : This method is same as that of total 
eclipse time in which difference of semi diameter 
is taken. In this case, we get valaya grasa instead 
of total eclipse, because moon bimba is smaller. 


Verses 63-64 - Reason for extra methods 

Brahmagupta (son of Jisnugupta) had ob- 
served errors in the calculation of eclipse durations, 
hence in his Brahma-sphuta-siddhanta, stated at 
the end of tithi chapter, corrections for nàdi (Ayana 
drk karma), bhuja of nata, its jyà etc. 

, The method described by Bhaskaracarya in his 
Siddhànta Siromani also doesn't give correct eclipse 
duration. Hence, on the difficult topic of solar 
eclipse, I have stated many more things. 

Notes : Already many new improvements 
have been described to get more correct values of 
moon bimba etc. Now entirely new methods are 
being described for correct duration of eclipse. After 
that, modern methods will be described, as 
comments. 


Verses 65-72 : Eclipse duration through yasti 
- After calculating sürya grahana by above rule, 
we multiply the sphuta Sara at the time of spar$a, 
middle and mokéa, separately by the lagna kranti 
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jyà of their respective times to give yasti for the ' 
three times. 

The three yastis are converted to para (1/60 
vikala) and divided by hara (candra gati - sürya 
gati) for the time of sparáa etc. When lagna krànti _ 
and sphuta Sara are in different direction, this 
result in pala etc is added to time of sparSa etc ` 
otherwise substracted. Then true spar$a, madhya 
and mok$a times are obtained. 


If this time is more than previous time (i.e. - 
yasti + hàra is added for different directions of 
lagna kranti), then it is the true time for spar$a 
etc. If new time is less then previous, it is. 
multiplied by its lambana jyà and divided by ‘para’ 
(stated arlier). Result is added to sparSa time etc., 
when sun is west from vitribha lagna, otherwise, 
it is substracted. This will give true times of sparáa, . 
madhya and mok$a. Madhya time will again be, 
corrected with sphuta lambana to get correct value. ; 


Then squares of mid time $ara and yasti are! 
added and square root of the sum is sphuta; 
madhya kala áara. Then from the éara, sthiti ardha: 
for sparsa and mokéa are found. They are: 
separately multiplied by sphuta lagna dyujya for, 
madhya kala and divided by trijya. i 


When Sara of sparśa and mok$a is in same} 
direction, first result is substracted from sparáa: 
time and second result is added to moká$a time.: 
When the two Sara are in different direction,' 
reverse is done. 


The spar$a and mokéa times are corrected for 
their lambanas to get true values. But sthityardha 


Solar Eclipse 579 


is multiplied by dyujya of madhya kala and divided 
by trijyà. | 

Lambana for parvanta is found from true sun 
of that time. At the time of sparóáa and mokéa, 
lambana is calculated from position of moon at that 
time. 


Figure 6 - Sara correction through yasti 


Notes : To explain yasti, figure 10 after 
Triprasnadhikara verse 37 is reproduced here. 
NZSZ' is yámyottara vrtta, NS is horizontal line, 
ECE' is diameter of equator. 


QQ’ is diameter of diurnal circle of sun and 
LL' is diurnal circle of moon further removed from 
equator as kranti and Sara are in opposite direction. 
These three circles are bisected by perpendicular 
PP’ through poles - which is diameter of 
unmandala. a 

BQ = Dyujyà = semidiameter of diurnal circle 


= R cos 6 = corresponding to equator ‘half 
day CE = 6 hours 

BD’ = Kujya = Extra length of half day on 
diurnal circle = BC tan® 

= R sin 6 tan @ 
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CD = Carajya = Extra length of half day on 
equator in asu l | 
BD' 
cos 6 


Now B is the position of sun when it has’ 
risen on equator. BD - height of sun at mal time 
i.e. unmandala $anku. 

Height of planet above B is called yasti. 

Now A’ is the joint position of sun and moon 
on ecliptic, A its position on equator corresponding 
to arc CA in asu. Let CA - K. 


Height of A = CA cos ® , where 6 is latitude) 
= Kcos ® 


Height of A’ eee B i.e dui of A' is 
= A'B cos ® = K cos ® cos 6 


Its rate of increase with respect to angular 
distance from equator is 


- K cos © sin ð 


Hence for change in distance corresponding, 
to Sara s of moon, 


Increase in yasti = sk cos ® Sin ð 
: , .Skcos $ sind 
Proportionate increase = ——7 — — — - 
: kcosó 
sao ene epu eed ee 
This yasti is the proportionate increase in time 
units of yasti and not the ista yasti meant in chapter 
quc EN l i 


= R tan ò tang 


Thus increase in yasti is equivalent to decrease 
. in lambana, hence moon will reach the sparga time 
after corresponding interval. Thus increase in 
Sparáa time = yasti/hàra or para where hara is 
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yelative speed of moon. When yasti is in vikala/60 
and hàra is in kala/day, the result is in day X 60 
:X 60 = in palas. Similar addition is to be made for 
the times of madhya and mokéa also. When Sara 
^is in same direction as kranti, substraction is to be 
made. 

When times are to be deducted they are 
ichanged in ratio (lambana jya / sama mandala 
'$anku), because lambana jya is in time units. 

i Yasti is correction in $ara of all times, hence 
[average mid time Sara is obtained by 
(ara? yast?. ye 


Verses 73-82 : Miscellancous corrections 


E 


i If among sparśika and maukśika śaras, one is 
“equal to middle time Sara and other bigger, then 
‘there is a special method. 


Ecliptic times are found by above methods 
zand the sphuta Sara of spar$a, madhya and mokáa 
[time are multiplied by the kranti jyà of lagna of 
‘their times and divided by trijya. When ara of 
> Sparsa and mokSa time are in same direction, these 
“results are substracted from their Sara, added if in 
| different. directions. Result is multiplied by dif- 
¿ference of Sara and divided by 36. We get yasti in 
pta. 

& This is multiplied by jyà of distance between 
jsun and vitribha lagna and divided by trijya (3438), 
¿to get the third yasti. This third yasti in para is 
divided by sthiti ardha for spar$a etc and the result 
in pala etc is added to the times of spar$a etc. 

hen kranti and gara are in different directions, 
otherwise substracted. Thus we get the true times 
foe sparsa, madhya and mokéa. Madhya kala is 
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again corrected with sphuta lambana to get correct 
value. 

Then madhya kala Sara and madhya yasti - 
both are squared, added and of the sum, square 
root is taken. With this sphuta madhya kala Sara, 
we calculate the sthiti ardha for mok$a and sparsa 
limes. 

These are separately multiplied by dyujyà of 
madhya kala lagna and divided by trijyà. First 
result is substracted from sthiti ardha of sparsa 
and second is added to mokáa sthiti ardha. Then 
both are corrected for their lambanas. 


When difference between spasta Sara of 
madhya kala, and sum of semi diameters of birhba 
is more than 3 kalà and krànti of sun is more than 
lagna kranti then sürya grahana is calculated 
according to this method. 


If madhya Sara is less than both the Saras at 
spar$a and mokéa time, more than both or equal 
to both, then first method should be used. 


Notes : (1) Krànti of sun is between the kranti 
of lagna and kranti of vitribha lagna, hence it is 
aproximated by either of them, which are at 90° 
from each other. No earlier astronomer had used 
kranti of lagna from whiich eclipse time can be 
calculated through yasti difference. Yasti differernce 
is same as difference of $anku. Both methods give 
same errors. In calculation with yasti one time 
method has been used for calculating sthiti ardhas 
with sphuta áara corrected for yasti. 

(2) This method of yasti and previous methods 
are almost same. When grasa is 3 kala or more, 
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(difference of $ara and sum of semi diameters), 
ithen the approximate distance between spar$a and 
mokéa places will be (sun bimba + 3 kala) = 36 
kala aproximately. Hence Sara difference is divided 
by 36 and resulting yasti is added to middle time 
gara. Approximately same will be added to other 
éaras also. 

Verses 83-85 Only that grahana (eclipse) is 
meaningful, which is seen from local place. No 
auspicious functions are needed for the grahana 
Mot seen at a place. Thus lunar eclipse in day time 
wor solar eclipse in night time are not considered 
s grahana for that place. 


| But even at the time of part solar eclipse in 
¡day time or part lunar eclipse in night should be 
"observed according to smrtis. Bath, charities etc 
‘should be done; cooking sleeping etc are 
. prohibited. 

As in lunar eclipse, in solar eclipse also grasa 
: from time and time from grasa is calculated. Simlar 
method is used for ākśa and àyana valana. 

Note (1) Amount of gràsa and time in solar 
, eclipse. 


Let T be the Indian standard time of conjunc- 
tion in longitude, p is latitude of the moon, P'the 
ourly change in latitude (north latitude and 
motion towards the north being considered posi- 
ive), .M is excess of hourly motion of moon in 
longitude over that of sun. 

L is angular radius of moon, S angular radius 


X Sun. Then at anytime t hours after conjunction, 
"he distance between the sun and moon’s longitude 


É 


[s 


E 
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is Mt and the moor's latitude is (p + Pt). So the 
distance between their centres is [M*t?+ (p + Pt]? 


The edipse begins or ends, when their rims 
appear to touch. This can happen, even if the 
distance between them is greater than L+S, for the 
moon's parallax may push it towards the sun. The 
maximum of this effect is H-I (= ID); II being the - 
equatorial horizontal parallax of the moon, Il’ of 
sun which is negligible. 


Thus the rims can appear to touch when the 
distance between the centres is II + L+S (=d) at 
the most. Then [M?? + (p+Pt)? ] = d? gives the 
times of the beginning and end of the general 
edipse. Solving for t, we get 


V2 
3 M" P- 2 P2 d? — p? 
M? + p? t |M + P t M+ P 


In this, the upper sign. (-) is taken for the 
beginning, and lower for the end. T+t is the IST 
of the beginning or the end. 


At any given place, the eclipse begins or ends 
when the rims appear to touch at that place, i.e. 
when the apparent distance between centres is L+S. 
Now at any time T near the times of conjunction 
in longitude, let the apparent distance in longitude 
between the centres be m, the apparent excess of 
moon's hourly motion in longitude over the sun 
be M, apparent difference in latitude p, apparent 
excess of moon's hourly motion in latitude over 
that of sun be P, the sum of angular radii of sun 
and moon be d, and its variation per hour D. By 
apparent is meant here '(as affected by parallax)’. 
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Apparent m = real m + II cos A. Cos B (1 + 
Il cos A Sin B) i 
^". Apparent p = (real p+II Sin A) (1+II cos A 
Sin B) | 

— Apparent (L+S) = S+L (1+II cos A. Sin B) 

where A is the zenith distance of vitribha 
lagna given by 

Sin A = sin w cos ¢ sin v - cos o sing 

and B is (lagna - moon's longitude) given by 


B-= Tan * [tan 1/2 (90°+v) cos 1/2 HU t 
-w) /:cos 1/2 (90°+ @ +w)] 

+Tan? [tan 1/2 (90° s Sin 1/2 (90°+ ie Sin. 

1/2 (90°+ $ +w)] 

where ® = latitude of the place 

w = obliquity of ecliptic (parama kranti). 

and v = sidereal time in degrees at the moment 
given by v - 97'30' * east longitude of place in 
. degrees from Greenwich + mean longitude of sun 
* IST at that moment in degrees. 

For strict accuracy, the geocentric latitude and 
horizontal parallax at that latitude should be used. 
If T is the time for which we have found m, 

p and d, the apparent distance between the centres . 
of the sun and the moon at any time t hours after 
"Tis 

[m+Mt)? + (p+Pt)?]*” 

When this time is equal to d+Dt, the eclipse 
begins or ends. Thus eclipse begins or ends at 
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dD-mM-pP 
M? + P? 


_|(mM + pP — dDy d — p? - m?]” 
+ 
i (M? + PY M? + p? 


The middle of the eclipse i.e. the maximum 
dD — mM - pP 
M? + P? 

The total eclipse begins or ends, when the 
rims apparently touch, the sun being within the 
moon. The distance between them at such time is 
(L-S), so by substituting for d in the above formula 
another d equal to (L-S), we can find the times of 
the beginning and end of the total phase. 


S may be greater than L, so that moon may 
be immersed in the sun, leaving a circle of light 
all around. This is called annular eclipse. Beginning 
or end of the annular eclipse is got by making D 
= S-L. 

(2) Bessel's method - for calculating solar 
eclipses - Bessel's method for calculating the 
circumstances of a solar eclipse as seen from a 
given place on the surface of earth consists in 
choosing a suitable system of axes, finding coor- 
dinates of the observer with respect to these axes 
and putting down in terms of these coordinates, 
the condition that the observer lies on the boundary 
of the penumbral cone at the beginning or end of 
the eclipse. All variable quantities in this condition 
are written in the form x,+x’t, where x, is the 
value of the variable quantity at t = o and x! is 
the rate of change of the variable quantity. The 
origin of time is chosen near the middle of the 
.eclipse so that t is small. The condition now 


T+ 


eclipse occus at T + 
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becomes a quadratic equation in t, solving which 
we know the beginning and the end of the eclipse. 


Besselian elements - Through the centre E of 
the earth draw a line paralled to the line joining 
-the centres S, M of the sun and moon. Call this 
Z axis, its positive direction being on the side on 
which sun and moon are situated. 


Choose the y axis to lie in the plane 
determined by the z-axis and the axis EN of the 
earth, the positive direction of y axis making an 
acute angle with EN. Finally choose the x-axis to: 
be perpendicular to the axis of y and z, its positive 
, direction being towards the point of equator, which 
the earth's rotation is carrying from the positive 
side to the negative side. 


Figure? - Bessalian elements for solar eclipoe 
The plane z = O is called the fundamen 
|, plane. 


l These axes are not fixed with with respect to 

the surface of the earth. Therefore, the coordinates 
of a point on the surface of earth keep changing. 
l Certain quantities need to be calculated first 
," which are required in the equations. These are 
called the Besselian elements. 
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(i) The elements d, x and y - Let the axes of 
x, y, z chosen as above meet the geocentric 
celestial sphere in X, Y, Z respectively. Let the 
right ascencion and declination of Z be (a,d) 

Then, as is evident from the figure, equatorial 
coordinates of X and Y are, (90° + a, o) and 
(180°+a, 90°-d). 

To: find a and d, we note that x and y 
coordinates of the sun and the moon are same (for 
Z axis is parallel to SM) 

Let (d, d be the R.A. and declination of the 
sun and (di, 61) those of moon. If A is the sun’s 
position on the celestial sphere, the values of 
Cos X A, Cos YA and Cos ZA can be easily 
written down. Thus, if (x, y, z) are the coordinates 
of the sun's centre S, and r is its distance from 
E, we have 

X = r cos XA =r cos Ó sin (a -a) 

y = r cos YA =r [Sin ð cos d - cos Ó sin d. 
cos (a-a)] - g 

z = r cos ZA = r [ sin Ó sin d + cos 6 
cos d cos (a-a)] 

Similarly, coordinates Ga, yj Z1) of he moon 
are 

X1 = rı cos Ô 1 sin ( qı -a) 

yı = rı [Sin ðı cos d - cos òı Sin d cos (a1-a] 

zi = rı [sin di sin d + cos ó cos d cos (a1-a] 

where r; is distance of moon's centre from E. 
Solving the equations obtained by putting x - xi 
and y = yi, we get a and d, the later being one 
of the Besselian elements. Substitution of these 
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.values in the expressions for x and y will give us 
x and y, the other two elements. 

Values of x and y are calculated at the interval 
.of 10 minutes for the whole duration of the eclipse. 
‘Therefore, x’ and y’, the variations in x and y per 
minute can also be easily determined. 

The elements x and y are obviously the 
"coordinates of the centre of the shadow on the 
. fundamental plane. 

(ii) The element 4 - Let u be the hour angle 
of Z from the meridian of Greenwich at the instant. 
"The Greenwich sidereal time is g. Since the R.A. 
"of Z is a, the value of u is G-a. After u has been 
: tabulated at intervals of 10 minutes, u’ (the 
variation of u per minute) can also be easily 

tabulated: 


(ii) The elements fi, f2 - The semi sanal 
angles of the penumbral and umbral cones are 
-denoted by fı and f2 respectively. Now the radii 
: of the sun and moon are R and b, and the distance 
between their centres is approximately r-r1; so fi 
and f2 are given by = 
R+tb , - R-b 
sin fı = , sinf =‘ 
Tr ^ I — n 
(iv) The elements lı, l2 - The radii of the 
circles in which the penumbral and umbral cones 
intersect the fundamental plane are denoted by li 
and.-i2 respectively. These also: can be found by 
simple geometry. 
l = b sec fı + zı tan fi 
` and b =. b sec fz - zı tan fz 
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where z; is the distance of the moon’s centre 
from the fundamental plane and has been found 
in paragraph (i) above. 

In the Nautical Almanc, the quantities x, y, 
sin d, cos d, u, h and |, are tabulated at the 
intervals of 10 minutes for every solar eclipse. It 
is to be noted that these quantities relate to the whole 
of earth and not to any particular place on it. 


Circumstances of solar eclipse at a given place - 


Let p and ©’ be the geocentric distance and 
latitude of the place and x its longitude west of 
Greenwich . The hour angle of Z from the meridian 
of the place is 4 — 4 since the hour angle of Z from 
Greenwich is 4. So if (5,5, 5) are the coordinates 
of the place at any instant, we have 

È = p cos $' sin (u—2) 
n = p [Sin $' cos d - cos $' sin d cos (u—4)] 
€=p [sin ¢’ sin d + cos ¢’ cos d cos (u — 4)] 

The values of (55,6) can be computed for 
any instant. Also, since & is the only variable in 
these expressions, formulae for (&’,7’,¢’) (the 
rates of changes of £,5, and,€ per minute,) can 
be found by differentiation and the numerical 


values of (&’,7’,€’) can be determined for the time 
of eclipse. 


(Ns 


DEP 


Plane z=% 


fundamental 
plane 


Figure 8 - Elements of solar eclipse 
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Consider now the sections of the penumbral 
and umbral cones by the plane z = ¢, i.e. the plane 
through the observer parallel to the fundamental 
plane. The sections will be circles; and if their radii 
are L4 (for the penumbra) and L (for the umbra), 
we have from the figure 


Lı = l; - tan fi 
L2 L + ¢ tan fz 
from which Lı and L2 can be determined. 


Consider now the beginning or the end of a 
partial eclipse at the given place. At these two 
instants, the point (555,6) must be at the distance 
Li from the axis of the shadow, which cuts the 
fundamental plane in the point (x1,yi,0) and 
therefore cuts the plane z = € in the point x,y,£. 
The condition for this is 

G- EY + (y! = LP --- (0) 

Replacing x, y, € and 7 by xo*x'1t and similar 
expressions, (1) becomes a quadratic in t. Solving 
it, we have the times for beginning and end of 
the partial eclipse. It we write Lz for Lı in (1), we 
can similarly determine the beginning and end of 
the total eclipse. In (1) it is sufficient to take the 
value of L; or (L;) at an estimated time close to 
the time of occurrence of the eclipse, for Li and 
L2 change very slowly. 


To determine the point on sun's disc where 
the eclipse begins - Figure 9 represents the 
penumbra section by the fundamental plane. C is 
centre and CX', CY' are parallel to the axes of x 
and y. Then the generator of the penumbra 
thorugh Y' touches the sun in the most northerly 
, Point because the earth's axis lies in the plane 
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x= o. Also, the generator through X' touches the 
disc in the most easterly point. Suppose that 
(& 7) lies on the generator through T. Then, if 
angle Y'CT - 0 
Li Sin 0 = (xotx’t) - (£o + Et ) 
Li cos @ = (yoty't) - (yo+n’t) 
" Substituting in it 


the values of t and the T 

other quantities for the 
beginning or the end "hh 

of the partial eclipse, 7 m 


"we get the cor- 
responding value of 0, 
which is the position 
angle of the point 
where eclipse beginsFigure 9 - Starting point of solar eclipse 
or ends, because sun's 

disc is almost parallel to the fundamental plane. 


` Verses 86-87 : Maximum and minimum values ^ 
of eclipse : 

Maximum duration of candra grahana - 590 
pala 

Maximum duration of total lunar eclipse i.e. 
marda kàla - 273 pala 

Maximum duration of solar eclipse - 632 pala 

Maximum duration of annular eclipse (valaya 
grása) - 48 pala 

Maximum duration of total annular eclipse 
(marda kala)’= 23 pala 
. Maximum increase in duration of a tithi - 405 
pala i.e. maximutn value is (60+6/45) = 66/45 danda 
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Maximum value of nakSatra tithi = 67/45 danda 
Minimum value of nakáatra tithi = 52/12 danda 


Maximum increase in yoga (beyond 60 danda) 
- 162 pala 


Maximum decrease in yoga = 664 pala 
Maximum gati phala of moon = + 7742 vikala 
or - 4927 vikala. 


Maximum gati phala of sun = + 123 vikalà or 
- 117 vikalà 

Maximum sphuta lambana - 5/12 ghati 

Notes (1) Maximum duration of lunar eclipse- 
The total duration of a lunar eclipse is given in 
hours 

2 
a [D E P? (1 -— P - )| 12 
p +m 

where D is the distance between the centres 
of the moon and the shadow of first or last contact, 
P is the latitude of the moon at the time of 
opposition of the sun and the moon in longitude, 
p’ is increase in P per hour and m' is the motion 
per hour in longitude of the moon, relative to the 
sun. 


2 _ 
p^? + m” 


» 
This is clearly 0 when D? = P? = s 
a 
ie. when D + P |1- —P—, 
D p. E y 
p +m 


i.e. when P is numerically greater than D by 
Dp”? / 2(p?xm?) approximately. THis comes to about 
14" on the average. Thus even when P is greater 
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than D by upto 14”, at conjunction, there can be 
eclipse. When P=D, duration of eclipse is not O, 
but 2Pp'/p?-m?, which is about 22 minutes. 

The duration is maximum, when latitude of 
the opposition P is o. It is equal to 2D/p?tm? 

But D, m and p, are function of l and I, 
mean anomalies of moon and sun respectively. 
Therefore, the maximum duration itself varies - 
between limits. 

Let l and I’ be anomalies at sthüla parva; time 
of fictitious conjunction or opposition or opposition 
between. n 

True moon = mean moon + 315’ sin 1 

True sun = mean sun + 127’ sin Y 

Equatorial horizontal parallax of moon 

II = 3447". 9 + 224".4 cos | 

for sun, I’ = 8.8" + 2” cos 1 

Moon’s semi diameter r = 939".6461".1 cos | 

Sun's semi diameter r’ = 961”.2+16”.1 cos 1 

Radius of shadow S = 2545".4 + 228".9 cos | 
- 16".2 cos I’ 

Vm" + p^ = 1875". 6 + 260.1 cos | - 5".0 
cos |’ 

Now the distance between the centres of the 
. moon and the shadow of first or last contact 
D = str = aun 04290".0 cos 1 - 16.1" cos 1” 
and. TA E m 

2 cer. 0 + 290.0 cosl — 16”. 1 cosl’) 


` Solar Eclipse . 995 
P This is a maximum when 1 = I = 180° and 
' not when 1 = I’ = Q, as increase in denominator 
"is more 

`: Thus maximum value is l 
2(3438-290+16.1) hours = about 238 minutes 
1875.6-260.1+5 


This is correctly given as 590 pala = 5/2 X 238 


© The lower limit occurs when 1 = l= 0 ard it 
A 2 (3438 + 290-16.1) _ a 
| 1875.6 4 2601-5 . ^ about 212 minutes 


If we do not neglect the function of 2l, the 
maximum is about 237.4 minutes. 

Maximum duration of the total. phase of a 
‘lunar eclipse is given by D = s-r. This also is 
maximum when sun andmoon are at opposition at 
the nodes and when | = I’ = 180°. It is 
(^'^ 2 (1605.8 — 167.8 + 16.4) 
i n ————— = 

1875.6 — 260.1 + 5 hours = about 108 


minutes 


It is given in text as 273 pala = 0.4 X 273 = 

109.2 minutes 

!7Q) Magmum duration of solar eclipse -` 

., The formula for duration of a solar eclipse in- 
i general on any place on earth (as opposed to the 

duration at any particular place) is the samé as for 


duration. of a lunar eclipse. Only difference is that- 
here 


D = I-I + rtr’ 
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and P is the latitude of moon at conjunction 
of the sun and moon in longitude. 

Here also the duration is not 0 when p = D, 
but when P is numerically greater than D by about 
20”. When D = + P, the duration is about 33 
minutes 

The maximum duration of a general solar 
eclipse occurs when P = 0, i.e. when conjunction 
in longitude is at a node. It is given by 

2D 

JL hours 

p +m 
_ 2 (5339.9 + 285.5 cos 1 + 15.9 cos 1’) 

|. -1875.6 + 260.1 cos] — 5 cos 1 

This is maximum when | = 180° and l'-0 
2 (5339.9 — 285.5 + 15.9) 

1875.6 — 260.1 — 5 
6 hours 18 minutes approx. 
378. X 5/2 pala = 945 pala 
Under this condition eclipse is annular. When 


2] term is not neglected maximum is about 6 hours 
16 minutes. 


ours 


Thus it is hours 


The duration of a solar ee at a given place 


on the earth is given by E corrected for 
(IP + 


parallax which changes rapidly and varies from 
place to place. But the maximum duration occurs 
when the central eclipse is at apparent noon. At 
this time, apparent semi diameter of moon is r + 
aobut 16". Also at noon, the retardation in relative 
hourly motion of moon is maximum, causing 
increase in duration of eclipse. For an hour angle 
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a on both sides of noon, the average retardaiton 
is (850".3  55".4 cos l) per hour. Total duration 
is given by 
2 (r + 16" +r) 
NT NOR: 
. p +m 
parallax 


- hourly retardation due to 


2 (1917 + 61 cos 1 + 16 cos I’) 
(1875.6 + 260 cos 1 — 5 cos I’) — (850.3 + 55.4 cos 1) 


2 (1917 + 61 cos 1 + 16 cos I’) 

1025.3 + 204.7 cos 1l — 5cosl' 
When 1 = 180° and I’ = 0, 
; The maximum is about 4 hours 35 minutes = 
. 275X5/2 pala = 687 pala (Text gives 632 pala) 


2 This occurs when conjunction occurs at a 
,Node, central eclipse falls at noon, 1 = 180° and 
Y= l 


a 


; The maximum duration of the annular or total 
phase at a given place is also at apparant noon 
ifor the same reason. As the period is very short, 
swe take the motion per minute. The duration of 
annular eclipse near noon is given by 
2 (r —r- 16) 
(317.3 + 4.3 cos 1) - (15" + 1” cos I) 


_ 2 (57 — 61 cos l + 16 cos l’) 

d 16.3 + 3.3 cos l 

This is maximum when 1 = 180°, l'z0 

x: Thus it is about 13 minutes (34 pala approx) 
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It is given 23 pala in the text. Minimum is 
clearly 0. 


The total phase is given by 

2 (r +16” — r’) 
(317.3 + 4.3 cosl) — (15" + 1” cos I) 
_ 2 (61.1 cos1 — 16.1 cos I’ — 5.7) 
E 16.3 + 3.3 cos | . 
This is max when 1 = 0, l' = 180° when it is 


2 x 71.5 
19.6 

This is not given in the text 

(3) Other limit : Other limits depend on the 
maximum and minimum values of speeds of moon 
and sun. First we change the maximum gati phala 
manda paradhi 

360 

Gati phala is + ve when manda paridhi is 
maximum at the end of odd quadrants. Hence 
maximum positive gati phala is more and negative 
gati phala is less. 

From this we get maximum and minimum 
gatis of sun and moon, by 

Max. gati - madhya gati * max. positive gati 
phala 

Minimum gati - madhya gati - maximum 
negative gati phala 


- about 7 minutes (- 17.5 pala) 


which is X dainika mean gati 


12* 


eee max (moon gati — sun gati) 
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12* 
mi ^ A 
|. 13* 20 
min (moon gati + sun gati) 


Maximum tithi = 


Max yoga = 


13° 20° 
max (mon gati + sun gati) 


Minimum yoga = 


13° 20 
mircmoon gati 


13* 20' 


Maximum nakSatra 


` Minimum nakéatra = T 
: Mean values of moon and sun gati are 790/35 
` and 59/8 Kala. There mandaparidhi at odd quad- 
 rants is 12°6’ and 31°30’. Mandaparidhi of sun at 
end of second quadrant is 12°30’ and at the end. 
: of 4th quadrant is 11°54’. (Verses 95-96 of spaátha 
dhikara, chapter 5). Moon's manda paridhi it is 
1188.5 kalà more at end of Ist quadrant and 
» minimum is 188.5 kala less at end of 3rd quadrant. 


' Verses 88-89 : Prayer and conclusion 


The god is worshipped in forms of Parvati, 

p aya Śiva and Ganeśa and gives fortunes to 
;. devotees. He also changes moon into rahu (at the 
time of solar eclipse) and puts little knowing earthly 
“creatures in confusion by covering sun like a flake 
i of cloud. The same god may remove our troubles. 


Thus ends the ninth chapter describing solar 

;. eclipse in Siddhanta Darpana written for tally in 

i. Observation and calculation and education of 

L Students by Śri Candragekhara born in renowned 
; royal family of Orissa. 


Chapter - 10 
PARILEKHA 


(Parilekha Varnana) 


Verse 1 : Scope - To show the direction of 
spar$a, madhya and mok$a in sürya and candra 
grahana clearly through diagrams, I explain the 
methods now. 


Verse 2-3 : Valana - An oblique ray of light 
bends in water but doesn't bend in vertical 
direction. Due to that reason, the size of sun and 
moon and sara of moon, remaining same, it looks: 
smaller in middle sky and bigger at horizon. Hence, 
earlier astronomers, changed the values of moon, 
sun earth's shadow in meridian depending on hàra 
at that time. This is being explained now. 


Notes : Valana means bending. Light rays 
bend due to refraction, hence it is now called 
refraction effect. In appendix to Tripra$nàdhikara 
(chapter 7) this has been explained. If angle of 
incidence of light to a denser medium be i and 
angle of reNechon be r then 

Sin 


=- “= a constant for the medium (1) 
sin r. 


Hence the bending (i-r) increase with increase 
in angle of incidence. This angle is measured from 
perpendicular to the surface, hence in vertical 
direction there is no. bending. As we move towards 
horizon, .the bending is more. Thus, at sunrise (or 
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setting time) its lower end is at horizon having 
90° natéamSa and upper end has slightly less 
(90* -32^) natámáa. Thus the lower end will be raised 
more compared to upper and it will be flattened 
and look more elliptical. 


The angle of bending or valana, R is 

R = K tanz’ ---(Q) 

where K = 4-1 and z’ is apparent zenith 
distance 

Difference z-z' is proportional to K sec? z. dz 
- 32' (K sec z) for sun. 

Hence apparent angular diameter is difference 
between apparent natàmáa z and z’ of upper and 
lower. 

Maximum refraction at horizon is about 35’. 


Its variation is very fast near horizon due to very 
high value of sec z near z = 90°. 


Natámáa Refraction 
0° 0” 

5 5" 

10 10" 

15 16" 
30° 34” 
45° 58” 
60° 1'41" 
80° 519” 
85° 9'5]" 
88" 18'16" 
88°40’ 22'23” 
90° 35’ 


h Thus apparent reduction in vertical angular 


3 diameter at horizon is about 5’. 
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If D is the average of two perpendicular 
angular diameters observed at vertical distance z, 
then the real diameter is 


D [1 + 1/2 K (1 + sec z] - - - (4) 


which is bigger than the observed. This means 
that observed diameter will decrease as Z increases 
and is minimum at horizon. 


Verses 4-5 : Value of angular measure for 
bimba. 

Unnata kala Sanku of moon (for lunar eclipse) 
or sun (for solar eclipse) is calculated for middle 
time of eclipse. We add 10314 and divide the sum 
by trijyà (3438) to get the hàra or value of 1 angula 
in kala. On dividing the bimba of planets or 
shadow or $ara of moon by this hàra, we get their 
diameters is angula units. 

Atternatively, half day is multiplied by 3 and 
added to unnata, kala of moon (or sun) and divided 
by half day to get the same hàra. Value of bimba 
and $ara in.angula units is obtained by dividing 
their values in kala by this hàra. 

Alternatively, for rough calculation, bimba 
Kala is divided by 3 to get its value in angula. 


Notes : (1) Sürya siddhànta assumes (Candra 
grahana verse 26) that the proportional angular 
diameter of a graha is 3 units at horizon, then it 
becomes 4 unit at vertical position i.e. increase in 
the ratio of 4/3. Bhàskaràcarya and Lalla have 
assumed 2-1/2 : 3-1/2 increase i.e., in ratio of 7/5. 
Actual increase as we have seen after verse 3 is 
from (32'-5 to 32’ in sun's bimba i.e. in ratio of 
3227 = 1.2 approx. Thus the ratios 1.33 of sürya 
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. siddhànta and 1.4 of Bhaskara II are much higher 
- than the true ratio. 

. Another approximation is that the increase 
has been assumed proportional to the angular rise 
. above horizon upto value of 90° rise to top 
. position, where it is maximum. Angle of rise 0° = 
'"90'z. Putting it in equation (4) above, apparent 
diameter is 


T 
Eder RN OE SS 
1 +5Ka + cosec? 0) 
For 0. = 0, lower term cosec o = which is 


. not correct approximation. However, the increase 
is in proportion to value of cosec 0 and not 
proportional to @ as assumed. This is increase of 
average diameter. Vertical diameter will increase at 
. double rate. 


` (2) 1 angula = 3 Kala at horizon 

and - 4 Kalà at vertical position 

Height is proportional to unnata $aüku, as 
assumed. 

For height of R (Trijya = 3438’) increase is 1 

kala. Hence, for unnata $anku U, 


u 
increase is R Kala 


Thus 1 angula = 3 + z Kalā 


3R+U ,_ 3x 3438+U 
E R Kala = — 3498 

. U + 10314 

3438 
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This is the first formula 


Roughly half day is of 15 ghati when sun 
reaches at top. Actually it is still slightly away from 
zenith but that distance is ignored. Unnata kala is 
in proportion to half day taken as 90° or 15 ghati. 

Unnata kala u 


pene day CUR 


ENT weg u a Unnata Kala 
e Langue qup half day 
_ 3 X half day + unnata kala 


. half day 
This is alternative formula 


If we totally ignore the variation due to 
refraction, except for horizon position, diameter is 
almost same, and 1 angula - 3 kala is uniformly 
assumed. l 

birhba in Kalā 


Thes Kalà in 1 angula 


= bimba in angula 


Verses 6-14 : Diagram for direction of eclipse 


On a ground, plane like water level, a circle 
of 57/8 angula semi-diameter is drawn with a 
compass. This is known as khagola vrtta having 
two valanas. 


From this centre only, another circle with 
radius of sum of semi diameters is also drawn 
which is called samasa vrtta. 

From same centre a third circle is drawn with 
radius equal to the grahya bimba (which is eclipsed) 

Now according to method explained in 
Triprasnadhikara north south line and east west 
lines are drawn in khagola vrtta. In lunar eclipse; 
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spar$a is from east and mokáa is in west direction. 
But in solar eclipse spar$a (beginning) is from west 
and mokéa is in east direction. 


In khagola vrtta we mark a point at a distance 
from east point for lunar eclipse equal to jya of 
sphuta valana and in same direction as valana. A 
line from centre to that point is drawn. Similarly, 
at a distance from west point equal to and in 
direction of mok$a time valana, another point is 
chosen and a line from centre is drawn. In solar 
ecipse, the order of valana lines is reverse i.e. 
spar$a in west and moka in east direction. These 
lines are called valanagra rekhà. Valanagra rekha 
cuts samasa vrtta on valana points. From these 
points, we mark the distance equal to sphuta $ara 
jyà of moon at the time of spar$a or mok$a. These 
are called Saragra vindu (in east for sparsa and 
nimilana and west for unmilana and mokáa in lunar 
ecipse, opposite direction in solar eclipse). 


The line from centre to Saragra point cuts 
grahya and mokéa. Here Sara and valana are given 
according to their current values. 


Sara is in north south direction, some times 
in angle direction like agni kona (north east). 


Notes : (1) Radius of khagola vrtta is 57/18 
angula because 57°18’ = 3438’ = length of radius. 
Hence 1/60 angula on radius or circumference is 
equal to 1 minute or kala. The method is same as 
in sürya siddhànta, but there the radius is 49 
ahgula where 1 angula was 70’. 


Radius of samàsa vrtta or grahya vrtta will be 
calculated according to value of angula in kalà 
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calculated in verses 4-5. Roughly 1 angula = 3 kala. 
Similarly length of Sara also is calculated in angula. 

However, valana is measured on khagola vrtta 
where 1 pratyangula (1/60 angula) is equal to 1 
kala or 1 angula = 1°. With this unit we measure 
the lengths. — 

(2) Method of drawing is best explained by 
actual diagram. 


Figure 1 - Diagram for sparéa and mokéa in pes 

ENWS - Khagola circle, 1 angula = 1°, 57/18 
radius, E'N'W'S' - samàsa vrtta, E,E' E points, 
N, N', North points; W, W' west points S,S' South 
points, AB is grahya bimba 

EV; - Valana jyà for sparsa in solar, mokóa 
in lunar eclipse. WV; = Valana jyà for mokéa in 
‘solar eclipse, spar$a in innar eclipse V;'S = Current 
$ara of moon ` 

vis’ current Sara 

Vi’, Vř are lines on samàsa vrtta cut by OVi, 
OV2. OS; OS’ cut grahya on A, B which are pem 
of contact. 
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Verse 15-30 : Further details for periods 
within spar$a and mokśa. Now, I describe the 
details of eclipse between the end points of spar$a 
and mokáa. 


In lunar eclipse, when moon is near rahu or 
ketu, spasta valana in khavrtta is given in own 
direction from east or west point in north or south 
direction. From these valana end points, we give 
two points at distance of 5 angula, in north 
direction from east valana, and south direction from 
west valana point. We draw a line through these 
points which also passes through centre of the 
circle. 

‘In solar eclipse, we mark a point from eastern 
valana point at a distance equal to lagna kranti in 
the direction of kránti. This point is joined with 
centre and extended to make it diameter. Sara of 
moon is put in perpendicular direction on its line 
according to direction of the Sara. (Sara will be at. 
central point for middle position of the eclipse or ` 
any other point according to time of eclipse). From 
end point of Sara a circle is drawn with radius of 
grahaka bimba (eclipser) (This circle is drawn in 
lunar eclipse on 5° difference line). 

The portion cut by grahaka bimba will be the 
extent of eclipse visible to people. 


Sara of sparáa, madhya and mokáéa periods 
are put at their positions. From the three end 
points of $ara, we draw three circles with radius 
equal to 1/3 of the distance between sparéa and 
.mok$a. From intersection of adjacent triangles two 
fish like figures are formed. The head tail lines of 
these fish figures join at a point which is centre 
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of cirde passing through these points. With this 
centre an arc is drawn through Sara ends of sparSa, 
madhya and mokéa which is the grahaka marga 
(páth of the eclipsing planet or shadow)., 


From centre of this grahaka màrga, we draw 
a line in the direction of sparSa (eastern direction 
in lunar eclipse and west in solar eclipse), àt the 
distance of grahaka diameter from sparsa point, 
there will be nimilana point on the grahya circle. 
Similarly, unmilana point on grahya circle will be 
on the mokáa side of the grahaka márga. 

To find the amount of grasa at desired time 
we assume two parts of grahaka màrga - from mid 
point to sparśa, it will be spar$a khanda and the 
other side will be mok$a khanda. Their length is 
measured in angulas. The angula measure is 
multiplied by required time (after spar$a or before 
mok$Sa) and divided by its sthiti ardha time. We 
give.a point at a distance equal to angula measure 
of required time from sparéa or mok§a point. From 
that point, we draw a circle with radius of grahaka 
circle. The portion cut by this circle in the grahya 
bimba will be the required amount of gràsa at 
desired time. 


Sum of semi diameters of grahya and grahaka 
is substracted from the required grasa in angula. 
A pointer equal to remaining length in angula is 
taken. With this, we find two points on grahaka 
márga at distance of grasa from centre of grahya 
circle. One point is in spar$a khanda and the other 
in mokśa khanda. From these points we draw circle 
with radius of grahaka bimba. The portion covered 
by this circle will be the portion eclipsed. 
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At the distance of difference of semi-diameters 
of grahya and grahaka from centre of grahya bimba, 
we get two points on grahaka marga - one on 
mokśa khanda and the other on sparsa -khanda. 
These are the points of nimilens (on spar$a khanda) 
and unmilana. 


Notes : 


Figure 2 - Diagram for sparsa and mok$a in eclipse 


.'ENWS are direction points on khagola circle, 
1° = 1 angula; Radius = 3438’ = 57°18’ = 57/18 
angula. | 

E'N'W'S' - Samása circle direction points, 

radius equal to sum of semi diameters of grahya 
and grahaka. For. bimba and $ara | length, 1 angula 
1 "UM unnata sanku kalà 
2 Trijya 


E. “Vi, V2 are valana points. EV; and WV; ‘are 
“equal to magnitude of direction of valana jya. 

5027 Vili = Vol = 5° ie. 5 angula on Khagola 
circle which is equal to inclination of moon’s orbit 


. With ecliptic. Thus Li L2 is "pem of moon for lunar 
i eclipse. 
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For solar eclipse Vil; = VoL; = kranti of lagna. 

On its intersection with samasa circle and at 
centre, Sara lengths at spar$a, madhya and mok&a 
points are drawn. perpendicular to it. It will be 
least at the centre and in direction of Sara at all 
places. Their ends are Sı, S2, Sy; The three circles 
through these points from two fish figures which 
intersect at point C. From C as centre with radius 
CS; = CS, = CS, we draw a circle. Sa S2 S4 arc is 
the grahaka marga on which eclipser planet or 
shadow moves. 


For lunar eclipse S; S3 is spar$a khanda and 
Sı S2 is mokéa khanda. For solar eclipse S; S; is 
spar$a khanda and S; S3 is mokśa khanda. 

Nimilana point P for lunar eclipse (or un- 
milana point for solar eclipse) is on grahaka marga 
such that 5, P = diameter of grahaka bimba. 

Length on grahaka marga is proportional to 
time. 

Hence for any point P 

Length Desired time 

Sz S Sthiti ardha 

This formula is used to calculate grasa at 
desired time. 


Verse 30-35 : Another method of diagram - 


At Saragra point on one side of valanagara 
rekha (Sara is madhya Sara), another line parallel 
to valana rekha is drawn. From its end points on 
khagola circle, a point is given towards north for 
lunar eclipse (south for solar eclipse) at a distance 
of 1/60 of Jyà of local ak$àmáa. 
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From these two points and the point of 
madhya $ara point (i.e. mid point of parallel line 
to valana rekha) we draw a circle as explained in 
above verse. 

Portion of this circle within samasa circle will 
be grahaka márga. On this path, we can find 
nimilana and unmilana points from centre of grahya 
circle at distance of difference of semi-diameters of 
grahya-grahaka,. as before. In this diagram spar$a 
and nimilana of solar eclipse can be seen in west 
direction and, for lunar eclipse in opposite direction 
very easily. This method doesn't need éara or 
valana time at time of spar$a, etc. 


ut,. for diagram of solar eclipse, 1/3 of $ara 
-of moon (i.e. ahgula value) is kept at two places. 
At one place it is multiplied by sun $anku of that 
time and divided by 4400. Quotient is added at 
first place. 


On a single board both solar and lunar 
eclipses can be shown. Only difference will be that 
the direction of spar$a, mok$a etc will be opposite 
for the two types of eclipses. 


Note : This is almost same procedure. In stead 
of marking sara at spar$a, mokśa and mid points, 
we mark the middle $ara only. In stead of other 
Sara, we mark the kranti of lagna on khagola at 
distance from middle Sara. Reason is that the 
diurnal cirdle of moon will be parallel to ecliptic 
and at same angular distance from lagna point of 
ecliptic as on middle point of eclipse. 


For solar eclipse Sara is corrected for parallax. 
The correction is slightly less, which appears to 
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compensate effective increase of tamo-màna of 
moon as explained in chapter 9 verses 43-45. 


Figure 1 and 2 show, that both the diagrams 
for solar and lunar eclipse can be combined, which 
has been prescribed here. 


Verses 37-38 : Prayer and conclusion 


I pray to lord Jagannatha, who smiles with 
beautiful lips, beauty of whose round eyes defeats 
the beauty of morning sun of spring time and full 
moon of winter night, who gives freedom from 
fear to people flocking to Nilacala from different 
regions, and whose sight can emancipate the world. 


Thus ends the tenth chapter on diagrams in 
siddhànta darpana wirtten for calculation according 
to observation and instruction to students by Sri 
Candra$ekhara, born in famous royal family of 
Orissa. 


Chapter - 11 
CONJUNCTION OF PLANETS 
GRAHA YUTI VARNANA 


(Conjunction of planets) 


Verses 1-2-Scope - While the planets are 
moving in their own orbits, their position is seen 
same from earth. This is called graha yuti (con- 
junction of planets). Graha yuti and its good or 
bad results are described in this chapter. 


According to Sürya siddhànta, when tara 
graha (mangala etc.) are seen joint, then their 
(apparent).coming together is called graha yuti or 
yuddha. When any tàrà graha comes together with 
moon, it is called samagama. When tara graha is 
with sun, it is not visible due to bright rays of 
sun, and it is called 'asta mita' (heliacal setting of 
planets). 


Notes (1) Planets do not really come together. 
.They are in their own orbit which are far from 
_each other. But due to parallax, they are seen 
together, as in solar eclipse, sun and moon are 
, Seen in same direction. However, the parallax is 
‘Same for all positions from earth due to large 
* distances of star like planets (tara graha). Compared 
*to eclipse of sun, the diameters of tara graha are 
(much smaller and their orbits are farther and 
j ‘Slower, hence their conjunctions are rare. However, 


e 
t 
Be 
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their number is more causing different combina- 
tions of yuti and their Sara also is small compared 
to moon’s orbit, so we are able to see the yuti 
some times. 


(2) Moon is considered the king of stars and 
the nakSatras as its wives. It lives with one nakSatra 
each day like a husband and wife - ‘naksate’ means 
lives together. Thus conjunction of moon with any 
nakáatra or tara graha is called $amagama or happy ` 
union. Conjunction between tara graha is called 
‘yuddha, as it is not considered friendly. In this 
‘yuddha ' or war, the planet which is behind is 
like a chaser and takes away half the strength of 
the other planet which is considered defeated. This 
strength is considered in astrology for considering 
their power in giving good or bad results. The 
reduction or increase of strength is according to 
their mutual covering and depends on their angular 
diameters. At present, we follow the method of 
Sripati for calculating the reduction or increase in 
strength due to planetary war. 


Due to nearness with sun, the planets are 
invisible and called set due to sun. This has already 
been mentioned in chapter 6 and will be discussed 
in an independent chapter on it. 


(3) Varahamihira in his Brhat samhita, ex- 
plained in detail the various results of graha yuti. 
According to the degree of their seeming approach- 
ment, there are four kinds of wars (among planets) 
as stated by Pardéara and other sages - Bheda 
(occulation. or cleaving), Ullekha (grazing), 
Amsu mardana (clashing of rays) and Apasavya 
(passing south ward). 


UT 
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iverses 3-5 : Principles of computation 


We find rà$i, amSa and kala of two planets 
in conjunction. When they are equal in ecliptic 
(kadamba prota vrtta), their values on equator are 
found (dhruva prota vrtta). From this, their sara 
and lambana are found. Then bimba (angular 
diameter) is calculated. 


In sürya siddhanta - When faster of the two 
; planets has greater longitude (i.e. it is towards 
: east), then conjunction has already occurred. If it 
tis less (ie. in west), then the conjunction is yet 
"to occur. If both are vakri (retrograde) then reverse 
"will happen, i.e. planet in east indicates, conjunc- 
tion is to occur, in west means conjunction has 
already passed. If one body alone is retrograde 
and its longitude is greater (in east), then the 
“conjunction is to come, if less, it has passed. 
a . Notes : (1) Conjunction is calculated first in 
< longitude measured along eciptic, when their 
; positions. are same. However, their difference in 
r perpendicular direction (śara) and apparent devia- 
* tion due to observing from earth will depend on 
^ position with respect to equator. Size of the bimba 


of planets will pemde at what distance they will . 
to meet. 


; (2) Finding bouneto, time, whether gone 
it OF yet to come is very easy to find, from diagram. 


A RNS 


Figure 1 - Conjunction of planets 
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In figure 1, M is position on ecliptic, which 
is mesa 0' from which position of planet is 
measured. When arrow direction indicates rotation 
in east direction, the rasi arma etc (longitude) of 
two points A and B are MA and MB. When 
longitude of B is more, it is east from A as seen 
from figure.. 

When B is faster, it will move further east 
from A, and at some earlier time it was with A 
i.e. in conjunction. If A or western planet is faster 
it will meet B in time needed to cover AB with 
relative speed. If B is retrograde in east position 
A and B, both approach each other with their 
speeds, hence it will approach with speed equal 
to sum of speeds. When both are moving in 
western direction, obviously the reverse of direct 
motion will happen. 


Verses 6-9 : Finding the time and place of 
conjunction - At required time we find the 
bhogarhSa (longitude) of the two graha and convert 
their difference into kala. This is separately 
multiplied by daily speeds of graha in kala. Each 
product is divided by difference of speeds if both 
have direct or both retrograde motion. But if one 
graha is margi and the other, vakri, the products 
are divided by sum of speeds in kala. If both 
planets have already joined and both are margi, 
then each quotient is deducted from the bhogaméa 
of its planet by whose speed it had been multiplied. 
If conjunction is yet to happen, then the quotients 
are added. If both are retrograde (vakri), reverse 
is done. If one is vakri and the other margi, then 
addition and substraction are done as per rules 
explained earlier. By this, we get the bhogamáa of 
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: | Kranti vrtta (position on ecliptic) where conjunction 
1 has happened. If the kala of planets doesn't become 
- equal in a single operation, this process is repeated 
į again. 

| Notes : In figure 1, 

longitude of A is MA, B is MB 

Differnece in longitudes is MB-MA - AB 
Speed of A is a and B is b kala per day 


Difference in speeds is a-b 
e if a> b, then A will catch up with B in time 
, AB / (a-b) 
; if a, « b then B has gone ahead this ditten ] 
= AB in time AB // (b-a) 
: Thus in first case the longitude of conjunction 


: for A will increase alb X a, increase in B will 
E 
a — 


x b. This increase in A will be E (a-b) 


b 
‘more i.e. AB more and they will catch up. 
If a « b, then the conjunction time is earlier 
and longitude of A and B will be reduced by 
$ distances travelled by them. 


i For retrograde planets obviously situation will 
7 be reversed. If B is faster, it will catch up distance 
:. BA in time t = BA / (b-a) in which the longitude 
>of B and A will be reduced by t b and t a. 


F Suppose A is retrograde and B is forward 
p Motion. There relative speed is at a+b and their 
distance is increasing. Then they are together at 
" time AB / (atb) = t before the present time. In 
n ;this time longitude of A was more by ta because 
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it is retrograde and B was tb less, in earlier time 
of conjunction. 

If A is direct and B is retrograde, then the 
plenets are approaching each other with velocity 
a+b and they will cover the distance AB in time 
AB / (a+b) = t when they will be together. After 
that time position of A will be ta more and of B 
will be tb less because it is moving in reverse 
direction. 


(2 We are assuming uniforn motion of 
planets in the interval AB. Within this the speeds 
will change, forward motion may become 
retrograde and vice verse. Thus after getting the 
conjunction time approximately on basis of present 
speeds, we again calculate the position difference 
at this approximate conjunction time. Then we 
calculate more accurately as to when conjunction 
had occurred or would occur. 


Verses 10-11 : Sara of planets 

(From Surya siddhanta - Spastadhikara verse 
56-57). 

In pata of mangala, Sani and guru, correction 
for second $ighraphala is made in same manner, 
in which it is done for the planet (ie. positive 
result is added and negative substracted). This will 
give the true postions of pata of these three planets. 
But in pata of budha and $ukra, correction is made 
with second mandaphala (used in third step of 
correction) in reverse manner - i.e. positive result 
is substracted and negative added. By this, true 
pata of budha and $ukra will be known. 
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From true postions of mangala, Sani and guru, 
true positions of their pata are deducted to get 
vikéepa kendra. VikSepa kendra of budha and 
gukra are found by substracting their true pata 
from their Sighrocca positions. 


Jyà of vikSepa kendra is multiplied by madhya 
vikSepa and divided by fourth $ighra karna to get 
the sphuta Sara. 

Notes : (1) Mean inclinations (vikéepa) of 
planetary orbits - This has been explained by 
Bhàskaracárya II. in his chapter on 
-grahacchayadhikara (siddhànta $iromani). Reasons 
‘of the method have also been explained. 

The values of madhya vikSepa are given in 
chapter 5 - spastadhikara verses 28-33, reproduced 
here 


Planet Siddhanta Darpana Modern value 
value 

Candra s di d 5'8'42" 
Mangala 1°51’ 1°51’0” 

Budha 2°44’ 7°0'14” 

Guru 1°18’ 1*'1821" 
Sukra 2°28’ 3'2339" 

Sani 2'29' 2'29'25" 


The values of superior planets are almost same 
as modern values. Bhàskara says that these values 
are for that time when Sighra anomaly is equal to 
90° + 1/2 R sin 7 a, where a is R sine of the 
maximum sighra phala. This is quite correct, 


620 Siddhanta Darpana 
v2 PC 


E 
Figure 4 Figure 5 
' because when the 

$ighra anomaly has this value, the true planet is 
at point of intersection (P) of the deferent and 
eccentric circle. Then the planet is equidistant from 
E; and E; (figure 2) For superior planets, E; is 
taken as earth's centre and E; is sun, the mean 
latitude of the planet observed will be same, 
whether observed from earth or sun. Hence, 
maximum latitudes of the superior planets are same 
for geocentric and heliocentric observations. These 
are the mean values. 


For inferior planets, mean planet in this case 
is taken to be sun, the linear values of the latitude 
observed from E and S, the centres of Earth and 
"sun will be in ratio SP/ES (figure 3) For mercury 
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' this ratio is 4/10 and for venus it is 7/10. Hence 


i 420 X 4 
‘the modern values are reduced to ——— —- and 


10 
! x 
mix i.e. 168 and 142 which are approximately 


equal with the values given in siddhànta. 


(2) Pata is calculated for orbit round sun and 
converted to geocentric position - 


Figure 4 shows an inferior planet indicated 

l Ey P and Figure 5 an superior planet J. Position 

iof earth and sun are E and S., position of mesa 

0° from sun and earth are A and A'. Position of 
P node from sun and earth is N and N'. 


True position of inferior planet is. P and 
‘superior planet is J. U is the mandocca position 
t^ (.e.. sun) for P. 


, Pata of inferior planet - 

^ Convex angle ASN is heliocentric longitude 
: of node measured negatively, as node has a 
,negative motion on ecliptic. Rule says that 
;; heliocentric éighra anomaly i is added to this which 


PR Convex angle ASN + ZUSP = 360° + “NSP 

= “LASU = .£NSP-ZASU . 

« . ' Now longitude of planets - is added here i.e. 
ZASU (= ZA'ES) 

Result is Z NSD. 


ea Sara as seen from sun is ixe 


Where B is maximum $ara datitude). 
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As seen from earth this is to be reduced in 
ratio R/K where K is distance from earth i.e. 
Sighrakarna. l 

Thus Sara seen from earth = 
R Sin NSP x f 

K 

Pata of superior planet - True geocentric 
longitude of J is ZA’EJ = ZASJ 

Substracting śighraphala EJS = JEJ’ from this 
we get ZASJ = heliocentric longitude. 

Then retrograde longitude of N i.e. ZASN 
is added. 

We get ZASN + Z ASJ = ZNSJ . From this 
heliocentric $ara (latitude) is first calculated as in 
above case by multipliying with #/R and then 
geocentric valkue is obtained by R/K. 

ZNSP or ZNSJ has been called” vik$epa 
kendra i.e. heliocentric distance between pata and 
planet in both cases. 


which is the formula. 


Verses 12-26 : Further correction for Sara - 


The above Sara has been written according to 
old siddhanta which is inaccurate according to 
author. Now accurate Sara of mangala etc as 
actually seen in explained. 


Sun and moon are to be corrected for parallax, 
when away from midday-sun (i.e. zenith), due to 
difference of observation from earth's centre and 
surface. Similarly, correction in $ara is to make it 
sphuta (from heliocentric to geocentric position). 

Mean positions of mangala, guru and $ani are 
'substracted from their sphuta mandocca to get the 
. manda kendra. Jyà of manda kendra is mandaphala 
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approximately. By adding or substracting this from 
mean position we get manda sphuta graha. 

Sighrocca of budha and $ukra is substracted 
from their mandocca sphuta. For budha, its 
$ighrocca is corrected by its parocca kandraphala. 
Result is $ighra kendra for vikSepa purpose. 

For vikéóepa kendra of other three planets, 
manda spasta graha is substracted from its pata. 


These are Sara kendra of all 5 planets. From 
its bhuja jyà, $ara is found by multiplying with 
parama $ara and dividing with trijya - heliocentric 
value. Sara is in north or south direction as 
explained in case of moon. 


Difference of third mandakarna and trijya is 
. multiplied by difference of fourth sighra karna and 
trijya and divided by trijyià. We get ksepa 
karnàntara. 

Sara Karna - (1) When fourth $ighra karna is 
more than trijyà - (a) when third manda karna also 
is bigger than trijya - Karnantara is substracted 
from trijyā (b) when third manda karna is less 
than trijya - kéepa karnàntara is added to trijyà. 

(2 When fourth $ighra karna is less than 
trijya- (a) manda karna is more - then karnàntara 
is added to trijyà (D) when mandakarna is less - 
. then karnantara is substracted from trijya. 


For budha and $ukra, karnàntara is added or 
substracted from mandakarna instead of trijya. 


Thus we get $ara karna of all the five planets 
- for all situations. 


624 Siddhanta Darpana 


Sphuta Sara : As in previous method, pata is 
substracted from graha. Jyà of this vikSepa kendra 
is multiplied by madhyama Sara and divided by 
Sara karna. Quotient is multiplied by trijya and 
divided by fourth $ighra karna to obtain sphuta 
Sara of planets in kala. Its difference with sthüla 
(rough) $ara also can be used. 


Notes : (1) First we calculate the heliocentric 
position by mandasphuta graha as explained in 
spastadhikara. 

(2) Sara karna is real distance of planet from 
sun due to Sara in its Sighra gati. Difference of 
manda karna and trijyà is proportional change of 
distance due to mandaphala. It is multiplied by 
proportional change due to Sighra phala by 
multiplying with (sighra karna trijya) and dividing 
by trijya. 

When mandakarna or Sighra karna is greater 
than trijya, Sara karna i.e. true position of planet 
with Sara, is less because Sara will look smaller 
from larger distance. Hence Sara karnantara is 
substracted from trijya, average distance. 

For budha and $ukra average distance is their 
manda karna i.e. distance of sun from earth. 

(3) Madhyama Sara is value of Sara seen from 
sun, it is multiplied by Sara karna to get its true 
value as seen from sun. For proportionate reduction 
for geocentric value; it is multiplied by R/K. as 
explained in notes after pervious verse. 


Verses 27-31 : Ayana drk-karma : 


Sayana graha is added with 3 rāśi (90°) 
which is satribha sayana sphuta graha. Its kranti 
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jyà is multiplied by sphuta $ara and divided by 
dyujya of satribha sayana graha. The result will be 
in liptà etc. and is called àyana drkkarma kala. 


When ayana and Sara of graha are in different 
direction, ayana is added to graha; and substracted 
if they are in same direction. Then graha postition 
or equator will be found, i.e. kadambaprota graha 
will become dhruva prota. This is called àyana 

_drkkarma. 


After doing ayana drkkarma, again the dif- 
ference of planets involved in war (conjunction) is 
: found. As before; the time is calculated when their 
rasi, kala etc. are equal. This will give lapsed or 
remaining days of conjunction. At the time of this 
conjunction, the planets are equal upto kalas. Then 
again $ara is found; àyana drkkarma for new 
position will be done. By repeating the process, 
we get accurate time of equatorial conjunction when 
kala of the two planets are equal. 


Notes : In figure 6, EMQ and CMD are nadi 
Mandala and kranti mandala respectively. P is 
‘dhruva, K kadamba and G the planet or 
grahabimha. PGA is 
dhruvaprota and KGB. 
kadambaprota. Then B is 
‘sphutagraha or position of the 
‘planet on kranti mandala. A 
‘is called krta ayana drkkarmaE 
‘graha - i.e. point on ecliptic 
‘corresponding to equator | 
Position. MA may be called © 
‘polar longitude of the planet 
in modern terms. GB isrigure 6 - Ayana valana 


l 


P' 
ony P 
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vikéepa of G, which is almost equal to GA. 
From GAB corisidered plane triangle 


But, in GKP, ZGKP = 90° + sàyana graha = 
satribha graha, PK is measure of Puy of ecliptic 
or parama kranti. 

a GKP x Jya PK 

jya G = Jy - cn 
_ Jya(satribha graha) x Parama Kranti Jyà 
| Dyujya 
_ Krantijyà (satribha graha) x Trijya 
Í Dyujyā 
Jyà B = Trijyà, as B = 90° in (1) 
Hence from (1) and (2) 

GA X Kranti jyà of satribha graha 
Dyujya 

AB = ayana drkkarma, i.e. shift in position 
of planet on ecliptic due to inclination of axis and 
Sara. 


Verse 31-37 : AkSa drkkarma - 


Square of àyana drkkarma in kala and square 
of Sara are added. Square root of sum is the sükóma 
Sara. When $ükéma Sara and kranti are in same 
direction they are added; otherwise difference is 
taken for sphuta kranti of the planet. This will be 
distance from planet to the equator on polar circle. 
Sun is always on kranti vrtta so its madhya kranti 
and sphuta kranti are same. 


-- (2). 


AB = 


By the method explained in TripraSnadhikara, 
for both the planets (in conjunction), from sphuta 
kranti, we find their cara, dinardha nata and 
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unnata kāla. Nata and unata kàla separately 
multiplied by 5400 and divided by their half day 

ive jyā of nata and unnata kāla respectively. 
Difference of cara asu of graha for madhyama and 
sphuta krānti is taken as kalà and multiplied by 
mata jyà and divided by trijya. The result in kala 
js substracted from graha in forenoon (east half of 
Sky) and added to graha in west half, if Sara is 
north. For south Sara, reverse process will be done. 
Then the graha will be corrected with ākśa 
drkkarma. 


After that, difference of both graha is found 
and the time since conjunction or remaining till 
that is found. For conjunction time; again ākśa 
drkkarma is done. After repeated procedure, both 
¿graha will be in same samaprota vrtta. Then, their 
north south difference in found on that circle. 


Notes : (1) Sphuta sara : Sara (or madhyama 
.$ara) is GB in figure 6 which is distance of the 
planet from ecliptic along the circle through 
- kadamba K. Along this circle the distance of planet 
from equator is GB'. But distance from equator is 
- calculated along. great circle through dhruva P. 
. Hence the total kranti i.e. distance from equator 


.is 


_GA’ = GA + AA’. We take as spasta graha, 
t not real planet G but its projection B on ecliptic. 
* Hence, krànti of B is the real krànti. 


x First we have to calculate GA, which is given 
“by GA = VGB? + AB? as  ZGBA is 90° and 
» AGBA is small and considered a plane triangle. 


7 AA’ is almost equal to BB’ which is kranti of 
„ the sphuta planet i..e madhya kranti. 
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Calculation of GA is really not necessary by 
the above formula, as we have already assumed 
GA = GB in derivation. 


(2) Bhaskaracarya has explained the drkkarma 
with difference in rising time on horizon due to 
Sara of the planet. When the ecliptic position of 
the planet is rising on horizon, then due to Sara, 
the real planet is above the horizon for north Sara 
(down for south $ara) and rises earlier (or later for 
south $ara). The difference in rising time is known 
by drkkarma. One component of drkkarma 
depends upon 4yana valana (i.e. inclination be- 
tween equator and ecliptic) and the other com- 
ponent depends on àk$avalana (i.e. local ak$améa 
- inclination of local horizon or vertical with horizon 
or vertical of equator). These components are called 
ayana drkkarma and akéa drkarma. 


Figure 7 - Ákéa drkkarma 
In figure 7, NZSZ’ is yámyottara vrtta of a 
place and NES is diameter of horizon in its plane. 
QQ’ and AA’ are diameters of equator and ahoratra 
vitta. PP’ is diameter of unmandala. EM is kranti 
LH AM; is dyujyà = R cos¢, where gis ak$àmáa. 
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Due to kranti, the planet rises earlier at 
position N, MN = kujya = R sin ô tanp where ò 
is kranti. Its value on equator is ET where 1 kala 
= lasu in time. ET = carajya = R tanó tan ¢ 

Due to Sara, the planet at M on ecliptic is 

seen at K' in direction K, which is kadamba or 

ole of the ecliptic. (Sara is shown north, when K 
is north from P). ZKMP = v = ayana valana. Thus 
due to $ara, the longitude of planet is shifted by 
K'M' on diurnal circle, KM’ = s sin v where s is 
the Sara. This is equivalent to shift of 

s Sin v / cos ¢ on equator, which is ayana 
. drkkarma in asu. If we put R cos? = Dyujyà and 

,'R sin v = satribha kranti jyà (approx), we get the 
formula for ayana drkkarma given earlier. 


. Another component of $ara MK' is MM’ 
= s cos v, which is the $ara in perpendicular 
‘direction to equator. Hence, sphuta Sara is EM’ = 
_EM + MM’ = R sin 6 + s cos v. Thus effectively 
: the diurnal circle of ecliptic planet of M will be 
shifted to LM’L’ parallel circle to equator passing 
through M’. Then the planet, will rise at position 
. R' (corresponding to R on diurnal circle and T’ on 
equator). Thus the rising time will be earlier by 
TT’ = ET’ - ET = difference of carajya. This 
-is the simplest and most accurate formula given in 
. any siddhànta text. 
(3) Difference in carajya is difference at 
horizon, corresponding to half day length (dyujyà 
;Or radius of equator). At other times it is 
„Proportional to natajya i.e. distance from 


.yamyottara position A or L of the planet. Thus 
he Akéa valana at ista kala — Akéa drkkarma at rising 


Jya of nata kala i Half day : 
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Formula for 4ksa drkkarma at any other time 
has not been given by any other author. It is seen 
that àk$a drkkarma is deducted from planet in east 
sky as it rises earlier for north Sara. Since it will 
set later in west, half proportionate addition will 
be done. 


Verses 38-40 : Bimba of planets 


Five tara grahas like mangala have five types 
of bimba - madhya vrtta bimba, madhya bhasvara 
bimba, sphuta vrtta bimba, sphuta bhasvara bimba 
and drktulya bimba. 

Bimba of sun is very bright. Planets like moon 
take light from that and reflect it like water surface. 


Tara graha also have horns, due to the angle 
between direction of the graha and sun. But due 
to their distance from sun being large compared 
to moon, their horns are not seen. They are seen 
.as point only. 

Notes : (1) Bimba of tara grahas have been 
discussed in detail in birnbadhikara of siddhanta 
tattwa viveka, but this terminology has not been 
used any where. They are lighted by reflected light 
of sun, and bimba of $ukra and budha are seen 
less than half when they are between earth and 
sun, due to their dark phase like moon. It has 
also discussed hole is sun due to $ukra (like eclipse 
by moon). Due to smallness of tarágrahas (small 
angular diameters) they are seen only as a point 
and their horns are not seen due to dark phase 
like moon. 

(2) From the context, the classification. of 
bimba depends on their distance from earth, due 
to which they look small or big and due to phase 
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i.e. dark part depending on angular distance from 
sun. Thus the classifications are - 


Distance difference - (i) Madhya vrtta birnba- 

Average bimba size seen at average distance. 

(ii) Sphuta vrtta bimba - Current size of birnba 
depending on the sphuta distance of planet. 

Phase difference (iii) Madhya bhàsvara bimba 
- Half lighted phase corresponding to about 90" 
angular separation from sun. 

(iv) Sphuta bhasvara bimba - True lighted 
portion according to angular separation. 
.. A. Actual birhba - (v) Drktulya birhba - which is 
; actually seen according to distance and phase 
, effects. 


"Nerses 41-42 : Diameters of planets 

z Diameters of star planets in yojana are 

: Mangala (450), Budha (930), Guru (4750), Sukra 
* (2600) Sani (3500). 

l These divided by 2213 give the bimba in ‘kal 
. in sun orbit. 


ir. Notes : (1) Yojana value in sun's orbit is 
X converted to kala by dividing. it with 2213 as 
;;&Xplained in candragrahana (chapter 8) verse 25. 
E Angle made Py 1 yojana at that distance is 

3438 


ee i ee radian os m ———————— 
sun' S mean distance mean distance 
as 1 radian - 3438 in 
. 3438 
^ 7608294 "^ —3 kala act: 


This exact value indicates, that distance of sun 
ius been ċalculated on basis of this ratio, after the 
diameter of sun was assumed 72,000 yojanas 
to Atharvaveda. b 
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All other text books have compared the 
diameters of planet in moon's orbit , but siddhanta 
darpana has. compared them in sun's orbit. The 
linear diameter is based on accumption that the 
distances are inversely proportional to angular 
speed i.e. proportional to period of rotation. As 
the comparative distance of moon and sun on that 
basis was rejected due to correct looking value of 
Atharvaveda, reference to moon's orbit also was 
rejected. However, the distance of other planets 
and sun are considered proportional to their 
periods of rotation. This is justified because all 
planets move round the sun and moon around 
earth both according to siddhànta darpana and 
modern theory. 

Period of rotaiton T and distance D are not 
directly proportional, but according to Keplar's 
third law 

T? a D’? 

where D is distance (semi major axis) 

Thus T a D” instead of Ta D assumed here. 
Thus, actual relative distance of farther planets will 
be lower than calculated here. 

There is evidence in vedas that orbit was not 
meant the linear circle, but the surface of sphere 
on which this circle moves due to rotation of pāta. 
The same concept is used in Jain texts also. If time 
period is considered Pproportioai to volume, then 
this relation T^ a D? holds as T a 4/3 I r^, D 
4x? where r is radius of orbit. Then T? and D? 
both arf. Time volume relation is only a conjecture 


id 


* been 
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(2) Comparison of values 


Mean angular diameters of planets (1) 


Planet ^ Áryabhata I Vate$vara Tycho 
and Lalla Brahe 
. Mars 1'15".6 1"19".2 1'40" 
Mer 2'6" 2' 1 2" 2'0" 
Jupiter 39” 318” 2'45" 
Venus 618" 636" 3'15" 
Satum 134" .5 139” 1507 
(2) 
Planet Old Sürya Brahmagupta Surya 


siddhanta 
Mars g 4'46” 
Mercury 7 614" 
Jupiter 8 7722" 
Venus 9' gy 
Saturn 5 524” 


and Śrīpati siddhānta & 


Bhattotpala 
2 


2'30" 


Siddhànta 
Darpana 
8" 

25" 
25" 
70" 
10" 
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Modern 
(mean) 
14".3 
9" 
41" 
39" 
17" 


Aryabhata Bháskara Il 


I 


4' 45" 
6' 15" 
7' 15" 
g 
5 15" 


4'45” 
6'15” 
720" 

9 

5' 20" 


Aryabhata and Vatesvara have reduced the 


values of sürya siddhànta and made them more 
correct. They are generally more correct then values 
of Tycho Brahe, who had observed with telescope. 


Old sürya siddhànta value is 2 to 2-1/2 times 


the values of modern sürya siddhànta and have 
been approximately followed by others in table (2). 


Siddhànta Darpana has evidently reduced the 


value of angular diameters in ratio of about 11, in 
which ratio the diameter and distance of sun have 
increased. However, compared to sürya 
siddhanta ratios, he has made increase in mercury 


$ and venus diameters and reduced the ratio of outer 
& planets. For outer planets ratio of siddhànta 


t 1/1.64 Saturn 1/1.7 
' Ratio for inner planets is 
Merucry 2.8/1, venus 1.8/1 


* darpana and modern values are Mars 1 : 1.8, Jupiter 
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One reason may be that, the visibility of outer 
planets reduces due to large distance from sun, 
hence they appear smaller. 

Minute values of old S.S/Seconds value of 
siddhanta Darpana for outer planets is 


Mars 1:2, Jupiter 1:3 Saturn 1:2 

For inner planets 

Mercury 1:3.6, Venus 1:7.8 

It is quite probable that Candra$ekhara has 
calculated the angular diameters of inner planets 


according to their average distance from sun which 
is much less. 


Comparison of linear diameters 


Planet Siddhanta Darpana  Süryasiddhanta Moderndiam Distance 
yojana Earth = 1 yojana Earth-1 Earth = 1 Earth = 1 


Mars 450 0.281 754.3 0.472 0.536 1.523688 
Mercury 930 0.581 601.6 0.376 0.403 0.387099 
Jupiter 4750 2.969 8324.5 5.203 10.925 5.202803 
Venus 2600 1.625 802.1 0.501 0.990 0.723331 
Saturn 3500 2.188 14,776.4 9.235 9.01 9.538843 


Sürya siddhanta relative figure are almost 
correct for all planets except Jupiter and venus 
whose value is about half the true value. These 
errors might have come due to incorrect ratio of 
time period and distance. However, sun's diameter 
comes to be less than, jupiter and saturn also as 
it is taken only 6500 yojanas. 


Figure of siddhanta darpana are more correct 
with two errors - Jupiter and saturn values reduced 
by about 1/4th of correct value, mars about half 
value. But mercury and venus vahes have been 
increased about 1.45 and 1.63 times the correct 
value. This appears to be due to error in estimating 
angular diameters of inner planets (more). 
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Other correct feature is that all planets are 
assumed much smaller than sun (72,000 yojana 
diameter) due to more correct diameter of sun. 


Verses 43-44 : Madhya bimba 


The angular diameters of budha and $ukra in 
sun Orbit are their mean diameter. Angular 
diameters of other planets are obtained by multi- 
plying their angular bimba in sun orbit by sighra 
paridhi of the planet and dividing by 360'. The 
angular diameters in vikalà are 


Mangala 8, budha 25, guru (25), Sukra 70 and 
Sani 10 

Notes : Average distance of budha and $ukra 
is same as average distance of sun from earth as 
these inner planets are in small orbit round sun. 
For outer planets 


Distance of sun Sighra paridhi of planet 
. Distance of planet - 360° 
as sun is the Sighra kendra for outer planets. . 
Hence the formula for angular diameters. 


Verses 45-50 : Bhasvara and sphuta bimba - 
Madhyama bimba (angular diameters) are kept at 
two places. At one place, it is multiplied by 
: utkramajyà in the process of fourth $ighra phala 

and divided by two times trijya (6876) Result will 
t be substracted from the madhyama bimba at other 
“ place. This will be bhàsvara bimba of the planet. 
- For budha and śukra, when their śighra is in 
|^ 6 rāśis beginning from makara etc, then fourth 
phala kala and Sighra koti kala are added; jyà of 
the sum is added to trijyà. Then 3 ragis are added 
to the ighra kendra of budha and $ukra and its 
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koti rasi is substracted. Bhujajya of the remainder 
is multiplied by bimba diameter and divided by 
two times the trijya. Result will be bhasvara bimba 
of these two planets. If $ighra phala kala and koti 
kala is more than 3 rāśi together, then jya of the 
' sum is added to trijya to find multipliers for budha 
and $ukra. 


Thus we get madhya vrtta bimba and madhya 
bhasvara bimba. They are separately multiplied by 
trijya and divided by their $ighra karna to get the 
sphuta bimba and sphuta bhasvara bimba. 

Notes : (1) Sürya siddhanta has given the 
following formula; spasta bimba 


. Madhyama bimba x 2 x Trijya 

^ Trijyà + Fourth gighra karna 

This formula is correct if the madhyama bimba 
is calculated at distance of sun, but in sürya 
siddhanta it is calculated at the distance of moon. 
However, this formula is correct for siddhànta 
daprana where madhya bimba has been calculated 
` at sun’s distance. This is the second formula given 
here and is based on the following ratio. 

Trijya + 4th $ighra karna 

2 

= Madhya bimba : spasta bimba. 

More accurately this should be found from 
true distance of planet from earth i.e. 4th $ighra 
karna instead of average of trijya and $ighra karna. 
Thus siddhànta darpana gives correct formula for 
spasta bimba based on ratio — 


Sighra Karna : Trijya = Madhya bimba : — 
bimba 


: Trijya 
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(2) Earlier correction : Bhasvara bimba is 
measure Of relative visibility. If depends upon 
distance from sun due to which brightness 
decreases in ratio of square of distance (inverse 

are law). However, due to phase also the 
brightness increases and is more when angular 
distance between planet and sun is 90° to 270°, 
we calculate utkramajya which deducted from trijya 
gives kotijya. Phase of a planet is equal to 
illuminated area divided by whole area of disc. 
The crecent GCHFG, bounded on one side by the 
.semi ellipse GFH and on other side by semi circle 
GCH, is the illuminated part. GH is the line of 
cusps and CD the diameter perpendicular to it. 
;Let CD - 2a. Then the phase 
Illuminated arc 

Area of disc 


i Figure Ba - Phase of the graha Figura 8b - Lighted part dueto sun 
1 

5 a (CM - FM) 

= DEN KC DES = (1) : 


za 2a 


Now in figure 8b, hemisphere ACD is lighted 
sun and D DES CAD is seen from earth. 


ZSME = 
Hence zs = CM - FM 
= a-a cos AMC 
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= a (1 + cos EMS) = a (1+cos d) 
Hence phase = (1 + cos d)/2 - - - (2) 


If we measure the difference between planet 
and sun, as d', then d' = 180° - d 

Hence phase = (1-cos d')2 - - - (3) 

Thus in formula we find the utkrama jyà 
R (1 cos d") and divide it by 2 R to get the phase 
according to eqn. (3). By substracting this portion 
from total bimba, we get the unlighted portion 
which is away from sun. 


For budha and $ukra, the phase is calculated 
when they are on farther side of sun (Sighra kendra 
270° to 90°) when they are more illuminated. We 
approximately find distance of mercury from 
superior conjunction (adding 3 rāśi to 270° is 0°) 
or inferior conjunction. One gives illuminted figure 
but on farther side, the other gives dark portion 
but on nearer side. 


Verse 51 : When Sighra kendra of budha and 
$ukra is 6 ragi i.e. they are between earth and sun, 
then they are like black holes compared to bright 
sun in its disc. 


Verses 52-55 : Now observed bimba of 
bhàsvara is stated. Bhàsvara bimba appear sthüla 
(i.e. round without sharp cusps) like a candle flame 
at far distance (which appears a round point instead 
of elongated figure) 


When a bright object is very far, it appears 
215 times its real angular diameter. Bhasvara bimba 
kalà is multiplied by 16 and square root of the 
product is taken. That is observed value of seen 
biraba. 
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Notes : (1) Reasons of this arbitrary assump- 
tion are not known. However, from the discussions 
three variations in bimba emerge - 


Sphuta bimba is linear change in angular 
diameter which decreases with distance - like 
diameter of moon and sun. 


Bhàsvara bimba is the lighted portion of disc 
due to its phases like moon. 


Observed bimba of a point like object is seen 
215 times bigger. But square root of bhasvara bimba 
is divided by 4 only for the diameter of observed 
bimba in kalà. 

(2) Logic of this method is not under stood. 
A point like object wil appear bigger due to 
diffraction or scattering of light. That increase in 
angular width will be fixed and not 215 times the 
.radius. Its angular increase will be same for sun 
‘and moon also. Possibly Candrasekhar had seen 
some star planets.with a telescope set at 215 times 


magnification as mentioned by Prof. J.C. Ray in 
his introduction. 


Verse 55 : NakSatras are self illuminated and 
their distance is fixed, as it is almost infinite 
, compared to planetary distances. Still their seen 
, angular diameter should be found out. 

Note : Though the stars are point like, two 
_ Stars or star and a star planet are seen together, 
; even when they are slightly separated. There are 
: * two reasons for that - 

Due to scattering of light in atmosphere, the 
‘Point object appears to have, some width. 

. Even when they are separated, their distance 


; Cannot be seen if it is less than limit of resolution 
| of human eye. 
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Verses 56-60 : Types of conjunction - 

Now types of conjunction (yuddha or 
samagama) are being stated. 

(1) When the observed bimba of two planets 
touch each other, that is called ullekha yuddha 
(touching conjunction). 

(2 When bimba of.a planet enters another 
planet, it is called vedha or bheda yuddha (piercing 
conjunction). 

(3) When north south difference of two 
planets in conjunction is less then sum of semi 
diamters, then it is amáa vimarda yuddha (part 
ecipse conjunction). 

(4) When the mutual distance is more than 
sum of semi-diameters, then it is called apasavya 
(i.e. separated), 

Then the difference is upto 1° (60 kala) i.e. 
Distance between centres - sum of semi diameters 
< 60 Kala: 

(5) When the separation is more than 60 kalà 
then it is called samagama. 

(6) When, in an apasavya (separation less than 
60 kala), one planet is bright and the other is dark 
(inferior planet between earth and sun), then it is 
called yuddha. 

When both are bright, it is called samagama 

When both are dark, it is called küta yuddha. 

(7) When two planets are equal in longitude 
(i.e. in yuddha) and’ northern planet has bigger 
diameter, then the southern planet is conquered. 

When both are equal, then north bimba is 
conquered, south is victor. 
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Sukra is victor, whether in north or south (as 
it has largest bimba among tarà grahas and is 
brightest). 

Notes : These are only conventions for 
predicting furture events and described in Brhat 
samhita etc. Here samagama has been used twice. 
One is conjunction when rim distance is more than 
60 kala. Another is yuddha in which both planets 
are equally bright. However, conjunction of moon 
with a star has been called samàgama generally. 


: Verses 61-63 - South north distance 


To know the north south distance, two 
drkkarmas have already been described. As in 
edipse, nata and lambana corrections also are 
needed for the true north south distance. Farlier 
astronomers didn't observe or calculate less than 
1/2 degree or 30 kala, hence they ignored nata and 
lambana of tara graha which is much smaller. Still 
for academic interest it is being described to explain 


the mathematics. 


Verses 64-67 : Nati of planets 


Parama nati of sun is 22 vikalà. Madhyama 
nati of budha and $ukra alsó in same. Nati Kalà 


, 0f budha and $ukra (22/60) is multiplied by trijyà 
;, and divided by last sighra katna. Quotient is again 


multiplied by vitribha natamSa (drkkéepa) and 
divided by trijyà for spasta nati of budha and 
$ukra. 


For other three planets (mangala, guru and 


X Sani, parama nati of ravi is multiplied by their 
X Sighra paridhi and divided by 360. Quotient is 


gum i 


multiplied by trijyi and divided by fourth sighra 
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karna. Result is again multiplied by drkkSepa and 
divided by trijya to get the spasta nati. 

As in solar eclipse, viksepa of the 5 planets 
is corrected with spasta nati to get the sphuta Sara. 

Notes : (1) Average distance of budha and 
$ukra is same as that of sun, hence their parama 
madhya nati will be same as that of sun. As the 
parallax reduces in proportion to distance similarly 
for outer planets - 


mean parallax of planet mean distance of sun 
mean parallax of sun mean distance of planet 


_ Sighra paridhi 

E 360° 

as sun is considered $ighra kendra of outer 
planets. : 


Q) True parama nati mean distance 


. Mean parama nati " True distance 


, ~ Trijyà 
~ Fourth &ighra karna 


(3) Parama nati is for horizontal position for 
which drkksepa or jyà of vertical distance (south) 
is maximum or equal to trijyā (R). Since nati 
depends on jyà of vertical distance towards south 

spasta nati — drkk$epa 

parama nati ^  Trijyà 

(4) Correction of Sara for nati has already been 
explained for solar eclipse. They are added if in 
same direction and substracted if in different 
direction. 
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Verses 68-71 : Lambana correction 


At the time of conjunction, parama nati of 
the planet is multiplied by drggati and divided by 
trijyà, and quotient is multiplied by jya of difference 
between planet with vitribha lagna and divided by 
trijya. Then we get sphuta lambana (parallax in 
east west direction). 


When planet is east of vitribha lagna, sphuta 
labana is added to planet, otherwise substracted. 


After lambana correction, some difference 
comes in the longitudes of the planets. Then again 
conjunction time is corrected when the longitudes 
are same. For this new conjunction time, again 
lambana is calculated and, new conjunction time 
is found, when they will be equal in longitude. 
After repeated processes, we get the true conjunc- 
tion time. 

Notes : Parama nati of the planet is found as 
above section. Drgjyà is the distance of planet from 
vertical direction and nati will be proportional to 
it. Its value in ecliptic is proportionately known 


from distance of planet from vitribha. This has 


c been explained in solar eclipse. 


Wc CPPOMESETOT 


Verses 72 : Conmjunction of graha and 
nakSatra - 


Since nakéatras are very far from earth, their 


. Speed and parallax both are zero. Hence, its 
conjunction with a planet is calculated only from 


the speed of graha. 


. Verses 73-75 : Bheda yuddha 


Since larnbana and nati are very difficult, this 


Correction. is done only for finding bheda yuddha, 
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when bimba of one planet enters the bimba of 
another. For other conjunctions this is not neces- 
sary. 

Bheda of sun by budha or $ukra should be 
calculated like other conjunctions. When they are 
moving in opposite direction (budha or $ukra is 
vakri) then from sum of the gati and when both 
are margi, by difference of gati, we calculate the 
conjunction. According to the respective sizes of 
bimba, times of spar$a etc can be found. 


Sara of vakri budha or éukra is very little so 
vedha of sun is done by them. In this case time 
of spar$a etc is found from sum of speeds. 


Verses 76 : Moon and star planets - 


Moon is corrected for nati and lambana and 
its vedha by graha bimba is calculated like sun. 


Verses 77-90 - Samagama of moon and star 
planets- When a tara graha and candra have equal 
longitude (ra$i, am$a and kala), then for finding 
their lambana, madhya gati of moon (790/35) is 
divided by 14. Quotient (56/28) is reduced by 
lambana of tara graha found from its parama nati. 
This will be maximum value of nati difference of 
moon and that planet. 


Parama nati difference is kept at two places. 
It is multiplied by 60 (to make it vikala) and divided 
by madhyama gati difference of moon and the 
planets. If the planet is vakri, then it is divided 
by sum of gati. This is time of parama larnbana in 
ghati etc; It is multiplied by drggati of that time 
(vitribha $anku) and divided by trijya (3438). Result 
is made asu. It is assumed kala and its jyà is called 
‘para’. 
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Bhuja and koti jyà of difference between moon 
and lagna is found. Difference of bhuja jyà and 
para is squared and added to square of koti jya. 
Square root of the sum will be chaya karna. Kotijya 
is multiplied by para and divided by chaya karna. 
Result will be madhyama lambana. 

Madhyama lambana is multiplied by difference 
of madhyama gati and divided by difference of 
sphuta gati if the tara graha is margi. If tara graha 
is vakri, then madhya lambana is multiplied by 
sum of madhya gati and divided by sum of sphuta 
gati. Result is spasta lambana. 


This lambana is substracted from moon, if it 
is east (more) of vitribha lagna, otherwise added. 
Then the new time of conjunction is found when 
moon and graha have the same lipta. The lambana 
.asu is multiplied by second vitribha $anku and 
‘divided by Ist vitribha $anku (before lambana 
correction). After correction of moon by this sphuta 
lambana asu, we find the sphuta madhya kala of 
' conjunction. 


According to method of solar eclipse, 
drkkSepa of vitribha lagna at mid conjunction time 
is found. Its 1/513 is added and divided by 61 to 
find nati of moon. 


By method of solar eclipce, from nata jya of 
vitribha lagna, Sara and ak$amá$a valana are found. 
‘When Sara of moon and graha are in same 
direction, difference is taken, when they are in 
‘different direction they are added. This sara will 
be useful for diagram (parilekha) of samàgama. 
When graha is south from moon, $ara will be 
yamya, when it is north, Sara will be saumya. 
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For tara graha, moon is chadaka (eclipser) 
because it is closest to earth. Since moon has more 
speed, sparSa of its bimba by the planet will be 
in east and mokáa will be in west. 


After doing ayana drkkarma of graha, graha 
and nakéatra conjunction is calculated from nati 
corrected $ara. 


Notes : The methods are exactly similar to 
methods of solar eclipse. Only difference is that 
the tara graha can be vakri also, when sum of gati 
is used instead of their difference. 


Verses 91-96 - Parilekha 


Like diagram of eclipse, we draw the 
manaikya vrtta (circle with radius as sum of semi 
diameters) inside khagola vrtta with radius 57'/18' 
angula - 3438' radius. From same centre moon 
circle is drawn. For valana of khavrtta, spàr$ika 
valana in east and mauksika valana in west is given 
in their own directions. From valanagra, we draw 
a line to the centre of moon, called diksütra. 


From the points where diksütra cuts 
manaikya, we give Sara at the time of spar$a and 
mokáa in their direciton (north or south). The line 
from $arágra points (end points of Sara) to centre 
of moon, cuts the moon bimba on two points 
indicating entry and exit points of graha or 
nakáatra. 

In conjunction of nakSatra and moon, sanku 
of vitribha lagna is multiplied by 100 and divided 
by 231 to give jyà of parama lambana or ‘para’. 

Like moon and star/planet conjunction, vakri 
budha and $ukra enter the sun disc from east side 
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and exit from west side. Since sun has no Sara, 
the gara of only budha or $ukra is the total sara 
and direction of this will be the direction of éara. 
Disc of sun will be in centre of samasa vrtta (circle 
with radius as sum of semi diameters). 

Notes : The discription in parilekha, chapter 
10 is sufficient to understand this. 


Verses 97-106 : Observing shadow of planets 


From rays of star planets like mangala, we 
.cannot see the shadow of a 12 angula $anku. 
‘Hence, a mirror is kept on the shadow end point 
fand $anku top is seen in mirror. Exactly at shadow 
fend point, the planet and Sanku end are seen in 
pone direction. 

On a plane level surface, we keep a vertical 
pon of 5 hands hight. In it 12 divisions are 

‘marked, each being 1 angula. Sanku will be strong 
land straight and its surface will be cylinderical. 


As explained in Triprasnadhikara, from the 
nata kala of the planet at desired time, we find 
the shadow length of 12 angula $anku. With that 

Semi diameter a circle is drawn with sanku centre 
$ as the centre. Direction points are marked (earlier 


pin day time) and from the centre, lines are drawn 
iin east west and north south direction. 
; Then the kranti jyà of graha at the desired 
rtime is multiplied by chàya karna and divided by 
Hambajya. Quotient will be karna vrttagra in angula. 
TÉ will be substracted from palabhà for north kranti 
9f the planet and added for south kranti to get 
t Bhuja of shadow in angula (its distance in north 
‘Or south direction from $anku). On north south 
line through centre, we mark a point at distance 
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of chàyágra bhuja in the opposite direction of 
inclination of the planet. From shadow length 
(chaya) square, we substract the square of chaya 
bhuja and take the square root. Result is dharatala 
$anku which is called koti also. When planet is in 
west half of sky, koti is given east from the end 
point of chaya bhuja. At the point of shadow circle 
where it cuts, shadow end will lie. At this point 
a tube will be kept in direction of the $anku top 
and we see from below. Or a mirror is kept and 
its reflection is seen. 


Figure 9 (a) Figure 9 (b) . 

Notes - In figure (a) ENWS is circle with 
radius of shadow length. Current direction of 
shadow is OP. OP is length of shaodw, ON; is 
chāyā bhuja, N:P is its koti. Hence OP? = ON)? + 
N:P?. ON is palabhà, i.e. shaodw at the time of 
equinox midday. The difference with bhuja is karna 
vrttàgra, NiN2’ = ON; - ON 

NiN2 = DE. Sin 6’ where 6’ = spasta kranti, 

cos $ 

$ = ak$àám$a. This is explained in 

Triprasnadhikara 
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In figure (b) OC is $anku of 12 angula length. 
OP is chaya and PC is chàyà karna. Thus PC is 
in direction of planet at G. If we keep a tube in 
PC direction, planet can be seen from P end. By 
a long dark tube we can see a planet in day time 
also as scattered day light is absorbed by inner 
surface of tube and only light of planet is seen 
which is not obstructed. Alternatively, by keeping 
a horizontal mirror at P we can see planet by 
keeping eye in direction of PK, Here PK makes 


, same angle with vertical PC’ as CPC’ = 6? in 
; Opposite direction. 


vitate mM ey AOE 


Verses 107-108 : Seeing the yuti 


At the time of yuti (conjunction of planets) 
we keep two Sanku at the distance of Sara difference 


* and from the same point P we can see both planets 
through tube or a mirror. Result of different types 


of yuti are given in books of sarnhita (like Brhat 


 Ssarnhità of Varahamihira). 


‘Verse 109 : Increased size of vrtta bimba - 


Here, the birnba of planets decribed or birnbas 
of stars to be told later, are very bright, hence 
they are seen 16 times more lighted than moon. 
At the time of sunrise and sunset, their discs are 


` as bright as moon, hence their bimba value has 


been stated as 4 times = V16 larger. Thus the real 


; angular diameter is 1/4 of the seen diameter. 


Notes : (1) This explains the logic of formula 


. for observed bimba in verse 54. But it is not correct. 


(2) Due to diffraction of light, two points at 


íÉ angle less than 0 radians cannot be seen separately 
= Where 
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: 1.224 

Sin 0 - D 

where D is diameter of aperture through 
which planet is seen (it may be aperture of pupil 
of eye or lens of a telescope). Ais wave length of 
light (4000 to 8000 angstrom = 10? cm units). This 
is Raleigh criterion. Thus for visible light, when 
pupil is 1.5 mm diameter in day time, we cannot 
see two points which are separated by les than 
about 1' kala. In night time when pupil is bigger 
it will be about 20" vikalà. Thus the angular 
diameters of outer planets are smaller than the 
limit of resolution of eye and even when they are 
separated, they appear together. This explains as 
to why separation upto 1 kalà is called samagama 
and only for larger separation, they are really seen 
separate. 


Thus at the time of conjunction, the effective 
diameters of planets are seen bigger. 


' (3) Other reasons of fluctuation are scattering 
of light, and fluctuations in atmosphere, which are 
almost same for both the nearby stars or planets. 
The stars are so distant, that their angular diameter 
is zero even after seeing through largest telescopes. 
Their diameter of conjunction time is seen much 
more than 215 times due to diffraction. 


Verse 110 : Solar eclipse due to $ukra 


To find eclipse of sun due to venus, their 
bimba and size of other tara graha is stated. In 
kali year 4975 (1874 AD) there was a solar eclipse 
due to $ukra in vr$cika ra$i (i.e. in Nov.- Dec. 
month). Then $ukra bimba was seen as 1/32 of 
solar bimba which is equal to 650 yojana. Thus it 
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lis well proved that bimba of $ukra and planets is 
fis we smaller then sun. 


Verses 111-112 : Prayer and conclusion 


May Lord Jagannatha remove our ignorance, 
who defeats beauty of blue clouds by his blue light 
‘and lives on sea coast. 


Thus ends the eleventh chapter describing 
‚conjunction of planets in Siddhanta Darpana 
«written for tallying calculation and observation and 
jeducation of students by Sri Candragekhara, born 


“an famous royal family of Orissa. 


Chapter - 12 
CONJUNCTION WITH STARS 


Verse 1 - Scope — To know the conjunction 
of planets with nakéatras, the longitude and 
latitude of identifying star in each nakSatra starting 
with a$vini, shape of nak$atras and number of stars 
in it and bimba of yogatarà (identifying star) is 
stated first. 

Verses 2-11 : Longitudes and latitudes of 


identifying stars (yogtara) 


S.No. Name Beginning Name of Longitude Latitude Position 


of of point yogatara of of of 
Nakéatra nakśatra longitude yogatara yogatara yogatar 
a 
1. ASvini or BArietis 10°07’ *8'29' = 10°07’ 
2. Bharani 13°20 Arietis 24°21 +1027 11°01 
3. Krttikā 26°40 nTauri 3608 +403 928 
4. Rohini 40°0’ aTauri 4556 -528 556 
5. Mrgasira 53°20 AOrionis 4951 -1323 631 
6. Ardr 66°40 aOrionis 6454 -1602  -146 
7. Punarvasu — 80'0 — fGeminorum 8922 *641 922 
8. Pusya 93°20° óCancri 10452 *005 1132 
9. Aslesa 106740’ aCancri 10947 -505 307 
10. Maghà 120*00' aLeonis 12558 *028 558 
11. Pürvà 133°20 óLeonis 13727 *1420 407 
Phalguni 
12. Uttara 146° 40’ BLeonis 14746 +1216 106 
Phalguni 
13. Hasta 160°0’ dCorvi 16936 -1212 936 
14. Citra 173°20° aVirginis 17959 -203 639 
15. Svati 186° 40’ aBootis 18023 +3046 -617 
16. Visakha 200°0’ aLibra 20114 +020 113 
17. Anuradha 213'20' óScorpii 21843 -159 523 
18. Jyestha — 226740 aScorpii 22554 -434 -046 
19. Müla 240*0' AScorpii 24044 -1347 044 
20. Pürva 253'20  —- dSagittarii 25043 -628 -237 


Asádha 
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21. Uttara 266'40' oSagittarii 25832 -327 -808 
Asadha 

22 Sravana 280°0° aAquilae 27755 +2918 -205 

23.  Dhanisthi 293'20' ßDelphini 29229 43155 -051 

24.  Satabhisaj 30640 — iAquarü 31743 -023 1103 

25. Pürva 320°0’ aPegasi 32938 +1924 938 
bhadrapada 

26. Uttara 333° 20° 7Pegasi 34518 *1236 1158 
bhádrapada 

27. Revati  346°40'  £Piscium 35601 013 921 


These are the modern positions and names 
of identifying stars. Nirayana longitude of Citra 
(a-Virginis) was fixed as 180° at 285 AD to fix the 
nirayana position accurately in zero ayanàmáa year. 
Now it has become 179*59' due to negative proper 
motion of citra. 


Verse 12-24 : Verses 12-14 give the number 
of stars in each nakSatra. Verses 15-18 give the 
shape of each naksatra. 


Verses 19-22 give the direction of yogatara 
within the nakáatra (this can be known from their 
latitude and position in nakéatra also given in 
previous table). Verses 23-24 give the diameter of 
yoga tara in vikala. Actually the diameters are 
almost zero even by talescope viewing, they are 
measures of visual magnitudes of brightness. The 
yogatara positions of 28 nakSatras including Abhijit 
according to siddhànta darpana in previous verses 
and the other details are given in chart form. 


SI. Nakéatra Owner Yogatárá Latitude Bimba Shape No. 


No. (yajurveda) Longitude Vikala of 
Stars 
1 A$vini A$vina 9°45" +10°30’ 6 Horse 3 
mouth 
2 Bharani Yama 2100 +1100 2 Triangle 3 


3 Krttika Agni 3515 +415 3 Flame 6 
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4 Rohini Prajapati 4630 -537 7 Cart 5 
(Sakata) 
5 Mrgaśirā Soma 6015 -1330 2 Cat's 3 
paw 
Or 
head 
of dear 
6 Ardra Rüdra 6500 -1540 7 Coral 1 
or 
water 
drop 
7  Punarvasu Aditi 9015 +630 8 Bow 5 
8 Pusya Brhaspati 10400 +115 2 Arrow 3. 
9 Aslesá Sarpa 10800 -1200 4 ‘Dog 5 
i tail 
10 Magha Pitr 12600 +022 6 Plough 5 
11 Purva Bhaga 14300 +1200 12 weigh 2 
Phalguni on 
two 
ends 
of 
beam 
12 Uttara Aryama 15300 +1300 13 -do- 2 
Phálguni ; : 
13 Hasta Savitr 16500 -1100 4 Hand 5 
14 Citrá Tvastá 17900 -210 7 Pearl 1 
15 Svat “Vayu 19300 +3300 13 Coral 1 
; orjewel 
16 Visákhàá Indragni 20700 -200 2 Shed 5 
or tent 
17 Anuradha Mita ~~ 21830 -200 4 Snake 7 
! hood 
18 ' Jyestha Indra 22530 -415 7 Teeth 3 
of Boer 
19 Müla Nirrti 24040 -1330 5 Cronch 9 
or 
lion’s 
: tail 
20 Pürva Apah 25000. -630 4 tusk 4 
` —— Asádha 
21 Uttara Visvedavah 25630 -340 «c 4 Chute 4 
Asadha (Süpa) 
Abhijit Brahma 25630 . +6200 14 Triangle 3 
or fire 


bail 
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22  $ravana Visnu 27300 +3000 7 Arrow 3 
or 
short 
men 

23 Dhanistha Vasava 28530 +3600 3 Long 5 
drum 

24 §atabhisaj Varuna 31745 -020 3 Canopy 100 

25 Parva  AjaEkapáda 32200 +3200 4  Cotor 2 

bhadrapada weights 
from 
beam 

26 uttara Ahirbudhnya 33800 +2800 4 do 2 

bhádrapada 

27. Revati Pasa 0°00’ +500 3 drum 32 
or fish 


Notes : (1) Yoga tara in north position of 
. nakSatra - (1) A$vini 5. Mrgagira 11. Pürvaphalguni, 
16. Vi$akhà 20 Pürvasadha 21. Uttara$adha, 25 
Pürva Bhàdrapada, 26 - Uttara bhadrapada 

Yogatara in centre - 19. Jyestha, 22 Sravana, 
17 Anuradha, 3. Krttika, 8 Pusya 


-2 = 


Yogatārā in i$ana (north east) - 7 Punarvasu, 
13- Hasta, 19-Müla. 

Yogatara in west - 23. Dhanistha, 0 - Abhijit 

Yogatara in east - 4. Rohini, 9. Aśleşā 

Yogatara in south - 10. Magha (very bright), 
27. Revati 12. Uttara phalguni 

Yogatara in agni kona (south east) - 24. 
Satabhisaj. Single stars are iri 6. Ardra, 14. Citrà 
and 15. Svati, hence there is no difference between 
the nakSatra and yogataàra. 

(2) Shape.of nakéatras have been decribed 
differently by different authorities. Actually, it is 
Only imagination and convention. 

(3) Longitudes and latitudes also differ slightly 
according to different authorities. 
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(4) It may be seen that many yagataraa do 
not come within extent of their nakSatra. Hence 
three nakSatras are divided into pürva and uttara 
part. In unequal division of nakSatras, most of the 
nak$atras have yogatara in their extent. 


(5) It has already been stated that diffraction 
and partly scattering of light in atmlsphere spreads 
the point like stars. Bright star has bigger spread 
as, greater spread of diffraction ring remains 
visible. 


Verses 25-40 - Other stars - 
Now many other stars are described. 


(1) Lubdhaka (Sirius) - It is brightest star south 
of punarvasu with bimba of 20 vikala, dhruva 77° 
and dhruva prota kranti 40°. Surya siddhanta name 
of this star is lubdhaka. Bhàskara II has given its 
longitude (polar) as 86°. It is 8.6 light years away 
and brightest star. 


(2) Mrgavyadha - There is another small star 
south of punarvasu. Surya siddhanta and Lalla 
have called this same as lubdhaka, but it is different 
star. Its dhruva is 56', south $ara 32' and bimba 
is 10 vikalà It may be identified with Orion, which 
is also called hunter is greek stories borrowed from 
Egypt. 

Its south latitude is same as south latitude of 
Magadaskara (now Malagasi) an island in south 
east direction of Africa - hence this island was 
called Mrga or Harina dvipa 


(3) Ilvala - This is a group of three stars 
between mrgavyadha and ardra. Its middle star is 
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yogatara, whose dhruva is 61° and south Sara 
23°30’. 

(4) Hutabhuk - According to sürya siddhanta, 
its dhruva is 52° and north Sara is 8°. 

(5) Brahmahrdaya - According to sürya 
siddhanta, its dhruva is 52° and north Sara 30°. 

(6) Prajapati - It is 5° east brahmahrdaya 
whose dhruva is 57° and north Sara is 38°. (Sürya 
siddhanta) 
Modern observations have indicated the fol- 
lowing positions (by author). 

(4) Hutabhuk - Dhruva 58°15’, Sara 5°15’ north 
bimba 6” vikala 

(5) Brahmahrdaya - Dhruva 56', north $ara 
23', bimba 16" 

(1) Lubdhaka is now called prajapati. 

(7) Apamvatsa - This is 5° north from citra. 

(8) Apa - This is 6° north of Apamwvatsa. It 
is also called ápyavasu. 

Dhruva of both (7) and (8) above are equal 
to citra. North sara of (7) is 2°50’ and (8) is 8°50’. 

(9) Agastya - Its dhruva is 95" and south Sara 
is 75". Its dhruva becomes sphuta after doing 
ayandméa correction. Its bimba is 18" vikala. 

(10) Yama - Its dhruva is 22°, Sara is 66° 
south and bimba is 8". 

Sürya siddhànta has stated dhruva of agastya 
as 90°. This was the value at the time of writing 
that book when 121 years were remaining in satya 
yuga. In Kali era 4251, Bhàskara II has stated its 
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dhruva to be 87°. He has stated dhruva of 
punarvasu as 93° and Agastya 6° less i.e. 87°. At 
the time of siddhanta darpana, it is 17°30’ west 
from punarvasu i.e. 90°15’ - 17°30’ = 72°45’. From 
agastya dhruva 95°, on substracting ayanamáa 22°, 
we get the same value 73° approximately. The 
change of agastya dhruva from 87° at the time of 
siddhanta $iromani when ayanamáa was 11°30’ to 
mithun 13° (73^) is the change in 719 years (1869 
AD). ' 

‘Notes : Ayanamáa correction is not needed 
when the distances have always been measured 
with respect to fixed stars. There may be some 
error in identification of stars. Otherwise relative 
motion of stars is very little and negligible 
compared to ayana movement. Opinions differ 
regarding correct identifications of these stars with 
current greek names used. Modern names of 
yogatara have already been given. Agastya is 
canopus, apámvatsa is O-virginis and Apa - ô vir- 
ginis, Agni or hutabhuk in f tauri. Prajapati is 
B aurigae, Brahma is a aurigae. 


Verses 41-56 - Saptarsi mandala 


- Since saptarsi mandala (great bear) is moving, 
its dhruva has not been stated by earlier 
astronomers. Still, I state their position, based on 
my experience. 

In north direction saptarsi mandala spread in 
east west direction like a bullock cart is very 


prominent in the sky. It has been most reverred 
in samhita and purana. 
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Within this group, there is an upward raised 
line towards east. Marici is in its front. Behind it 
Vaéistha is with Arundhati. Still west from Va$istha 
is Angira. 

After that, is a quadrilateral. In its i$àna kona 
(north east), lies Atri. South from it is Pulastya 
and west from Pulastya in Pulaha. North of Pulaha 
is Kratu. The great circle joining Pulaha and Kratu, 
cuts ecliptic in some point, the nakSatra or rà$i of 
that point is considered the rà$i of saptarsi. 


At present Pulaha and Kratu are in 21° of 
simha i.e. 3rd quarter or pürvà-phàlguni. 13 
kalaméa east from them is Pulastya. 

Atri is 5 kalarn$a east from Pulaha, 9 kalàmáa 
east from Atri is Angira, 8 kalàm$a east from Angira 
lies Vasistha and 8 kalàméa east from VaéSistha is 
Marici. 

Arundhati is a very small star, east from 
Va$istha which is barely visible and can be seen 
with telescope. This is not giver of good or bad 
omen, like the seven main stars. Its bimba is 1 
vikala. Bimba of Atri is 3 vikalà, and all others are 
8 vikala. Mutual distance between these stars is 
same and equal to 10 pala kalam’sa. 


This 10 pala is multiplied by 1800 and divided 
by rising time of that ráói at equator. The quotient 
is added to the dhruva of Pulaha or Kratu (simha 
21° = 141°). We get the dhruva in rà$i etc for 
other stars. East west angular distance (along 
ecliptic) of saptarsi is 43°, but due to its position 
in sayana kanyà.and tulà, it appears 46° (in risin.; 
time at equator). 


660 . Siddhanta Darpana 


Distance from ecliptic along dhruva prota vrtta 
(great circle through dhruva, not kadamba .- pole 
of ecliptic) in north direction are - 


Kratu 56°, Pulaha 51°, Pulastya 53°, Atri 59° 
Angira 60°, Vagistha 62° and Marici 60°. 

If Sara of Va$isttha from krànti is fixed, then 
in the end of even quadrant, it wil be 4° from 
dhruva (North Sara 62° + krànti at end of even 
quadrant 24° = 86° i.e. 4° from dhruva at 90°), 
Even if sphuta kranti of saptarsi remains same, 
their sara changes with change in raéi. ; 
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Figure 1 Position of saptarsi and pole star 


, Notes (1) Due to earth's rotation, saptarsi 
makes a revolution around: north pole in direction 
of line æ of its western stars. Three positions at 
3 hour intervals are shown from east to west. 
Polaris P^ is very close to north pole (58' Kala 
distance) and is called pole star. P is ó angle above 
north horizon, where $ is local north aksaméa. The 
stars are indicated by greek letters starting from 
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western lower star. Siddhànta counts them from 
eastern end. Modern names, distances and visual 
magnitudes are given below - 


Stars Greek names Visual magnitude Distance in 
light vears 

1 Marii 1 Alkaid 1.87 210 

2 Vaéistha č Mizar 2.06 88 

3 Angir — € Alioth 1.79 68 

4 Atri Ó Megrez 3.3 

5 Pulastya y Phad 2.44 90 

6 Pulaha — f Merak 2.37 78 

7 Kratu @ Dubhe 1.81 107 


More visual magnitude indicates lesser bright- 
ness, thus Atri is least bright and farthest, ' hence 
its bimba vikalā has been indicated small. 
Arundhati is a small star, below Vaśişțha called 
Alcor (magnitude 5). Mizar (VaSistha) itself is a 
double star when seen from telescope. It appears 
that Atri has faded now but earlier, it was equally 
bright. 


(2 Mythology : Callisto was attendent of 
goddess Juno but was more beautiful. To protect 
her from jealosy, Callisto was turned into bear by 
god Jupiter. When her son Arcas, thought her a 
bear and wanted. to kill her, he was also turned 
into bear (ursa minor) 


According to Puranas, Saptarsis are mental 
sons of Brahma. There is a separate set of saptarsi 
for each of 14 manu periods of which 7 are yet to 
come. Rsi and Rk$a have been used for star, sage 
Or bear also. Hence ursa in Persian means saint, 
in Greek it means bear. Like this bear around north 
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pole, Russian bear exists. Russian was Rsika and 
it is land of bear. Proverbially Russia is called 
Russian bear. Rsi denoted sage and bear as both 
had long hairs. Hence the name great bear came. 

(3) Motion of Saptarsis : Only Vate$vara 
siddhànta chapter 1 verse 15 has given the number 
of revolutions of saptarsi which is 1692 in a yuga. 


On that basis, Karana sara of Vate$vara has 
given a method to calculate movement of saptarsis, 
as quoted by Albiruni (India I, page 392) - 


Multiply the basis (ie. years elapsed since 
beginning of $aka 821) by 47 and add 68000 to the 
product. Divide the sum by 10,000. Quotient 1s 
position of saptarasi in rāśis etc. 

According to this formula, saptarsi has a 
motion of 47 signs per 10,000 years which is 
equivalent to 1692 revolution in 43,20,000 years, as 
stated above. 


The position in $aka year 821 (Kali year 4000 
was) 

1692 x 12 x 4000 , ; „000 . 

~ 14320000 ^ signs - 1 revolution * 10,000 signs 

This accounts for the addition of 68000 in 
formula. 

(4) The stars of the constallation of the saptarsi 
do not have a motion relative to nakSatras. So the 
statement of revolution is not correct. This appears 
to be the reason why many standard astromers 
like Aryabhata, Brahmagupta,. Sripati, Bhaskaras | 
and IL Surya siddhànta etc do not deal with the 
subject at all, as being outside the pale of 
astronomy. Therefore, Kamalakara was constrained 


E 
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to say in his Siddhànta Tattva Viveka, Bhagraha 
yutyadhikara, verses 25-36 - 

"Sage Sakalya has given the motion of the 
sages with their positions in his time. Sürya and 
others who explain the nature of the celestial 
sphere in their works do not give it, and therefore, 
the theory cannot be sustained astronomically. 
Even today, this motion mentioned in the samhitas 
is not observed by astronomers. Therefore, the 
seven real sages who are the presiding deities (of 
these stars) are only to be supposed to be moving 
unobserved by men, for the prediction of the fruits, 
thereof." 


But the motion has been accepted as a fact 
by certain common people and authors of the 
Puránas, and an era called Laukika era by the 
people of Kashmir region and saptarsi era by the 
puranas have been founded on this theory. 

Mahābhārata mentions, that when Yudhisthira 
ascended the throne, Saptarsis were in magha 
nakSatra. 

Vayu purana chapter 99, tells that saptarsi’s 
remain for hundred years in one nakéatra. Hence 
they complete the round of 27 nakéatras in 2700 


x. divya years. However, same puràna chapter 57, 


tells that saptarsi nakSatra is of 3030 human years. 


i, Hence human year appears to be taken as 12 sideral 
revolution of moon. Divya year here means 1 solar 


year. 
2700 solar years - 2700 X 365.256263 days for 


+  Sidereal years 
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2700 x 365.256263 : 
- lunar years sidereal 
12 x 29.321661 


- 3007.968 years 


Varaha Mihira has written in Brhatsamhita 
13/3, that according to Vrddha Garga, Saptarsis 
were in Magha in the rule of Yudhisthira. Raja 
Tarangini of Kalahana has followed this era only 
in writing ancient history. 

(5) Explaination : Kamalaakara has explained 
that it has no relation with astronomy and it is 
only for astrological predictions. Siddhánta Darpana 
has tried to justify the movement of saptarsis on 
. basis of their measurement of position on dhruva 
prota vrtta on ecliptic. Normally kadambaprota 
vrtta is used for ecliptic and dhruva prota for 
equator. This causes difference and has explained 
_ the difference in terms of ayanàmáa. His calculation 
of difference from Bhaskaracarya time is based on 
ayana - movement. However, this will have a cycle 
- of 26000 years and not of 2700 years of saptarsi 
era. Hence Candra$ekhara has not mentioned the 
saptarsi era but has vaguely tried to justify its 
movement. 


My ren is based on basis of vedanga 
jyotista which was current in Mahabharata period, 
Rk jyotisa has a cycle of 19 years in which 5 years 
are of samvatsara type (starting between Magha 
$ukla 1 to Magha $ukla 6.) Yajus jyotis starts with 
5 year cycle of 366 days each, but this also becomes 
equivalent to 19 year cycle with 6 kSaya samvatsara 
in 5 cycles of 5 years each. P.V. Holey has assumed 
a bigger yuga of 19 X 8 + 8 = 160 years because 
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it gives very little error, but has not explained the 
mechanism of arranging the last eight years. This 
is not corroborated any internal evidence in the 
text. 

However, saptarsi era was very much in use 
and was accepted in the calendar system. This 
appears to be based on system of naming a century 
(100 solar years) on a nakSatra in same way as we 
name every guru varsa or other solar years on 
basis of Ist week day of the civil year. Thus, we 

` can name the century on basis of first nakSatra of 
, moon (or may be sun) in a century, if the vedic 
: yuga system is followed. Then bigger yuga should 
| be 19 X 5 + 5 years = 100 years instead of 160 = 
: 19X8+8 years. Thus in a century, we can take last 
1 5 years as the first 5 years of the 19 years Rk cycle 
or 5 years first cycle of yajusa jyotisa. In taking 
, Yajusa cycle, the 19 year cycle doesn’t break and 
; in sixth cycle first 5 years are subcycle which make 
a century. It can also be seen that all cycles of 19 
| year start with Sravistha but after five years of 
; yajus cycle, sixth year starts with Satabhisaj which 
; is the next star. Thus on completion of 100 years, 
jin this calender, moon gains one nakéatra in this 
„lender. Thus each sucessive century will start 
with one nakéatra later, which will be saptarsi 
Makéatra or nakéatra of the century. 

_ Sri Holey has opined that Rk jyotisa was 
definitely written before 2884 B.C. According to 
traditions vedic texts or puranas were written 
thin 300 years of Mahabharata war. Thus it 
y indicates the calender system fixed in 
dhisthira time who had really started an era. 


come 
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That time year started with Magha $ukla pakáa, 
hence saptarsis were assumed to be in magha to 
start with. 


(6) Mutual distance between stars of saptarsi 
mandala is not equal as stated here. 


Verses 57-59 : Kranti of circumpolar stars 

Sphuta kranti of yama and Agastya is always 
same. Kranti of nakSatras starting with Asvini keeps 
changing. Kranti of saptarsi mandala is fixed 
according to some, but changes according to others. 

Earlier astronomers have assumed motion of 
saptarsi mandala as 8 kala per year from east to 
west. But I (author) have not seen such gati. Hence 
I do not agree to it. 


Ayana sanskàra of yama, Agastya and saptarsi 
mandala has been instructed to be done in opposite 
direction. This is valid for author’s time only (1869 
AD). 

Notes (1) Ayana sarmskara is needed because, 
here dhruvamáa have been given for yogatàràs and 
other stars. As stated earlier, Candrasekhara has 
assumed oscillatory motion of ayana, and according 
to this, the present backward movement will 
change after 2200 AD. 


(2) 8 Kala movement of saptarsi is 800 Kala 
or 1 nakáatra in a century whcih has been stated 
by Vate$vara. This has not been accepted by author 
correctly. 


(3) Circumpolar stars are near dhruva (pole 
star) and appear to move round it. This is true 
for south polar region also. This depends on locál 
latitude of the place. Day length of a planet or 
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star increases by carajyà which is increase in half 
day length for north kranti. It is decrease for 
southern kranti. 

Increase in half day - Carajyà 

= R tan ô tan $ (ò =spasta kránti, $- latitude) 

If this is equal or greater than R, then the 
increase is equal to half day of equator itself and 
there will be no night i.e. the star will never set. 

For this tan ¢ tan 6 >| 

Thus for any star with north kranti, 

it is circum polar, if 

tan ô > cot $ 

Similarly for south kranti, also, if 

Tan 6 > cot $ 

then the star will never rise. 

Verses 60-62 : North pole star (dhruva tara) 
has bimba of 4 vikalà. This is not the real position 
of dhruva i.e. pole of equator and dhruva prota 
is not drawn through it. The seen dhruva tàrà is 
1'24' away from surface centre of equator. Hence, 
when revati naksatra comes on meridian i.e. 
dhruvatara at beginning of mesa, appears 84 Kala 
above the pole. 

When $ravana, punarvasu nakSatra are on 
yàmyottara, dhruva rises above horizon equal to 
local akSamSa. Again, when citrá nak$atra comes 
on yamyottara, dhruva in 84 kala nata from its 
kendra. 

Notes : Polaris ( Ursae minoris) is a star of 
second magnitude and is 58’ Kala away from 
celestial pole in west direction in 1950 AD. Celestial 
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pole is moving towards polaris upto 2105 AD when 
it will be only 30’ away, then will begin to recede 
from it. 

It may be seen that Draco or dragon group 
is pole of ecliptic i.e. pole of solar system. Thus 


Polasis 1900 AO 


Figure 2 - centre of-this circle is ecliptic pole 
proverbially sun as visnu is under draco or 
Sesanaga with 3-1/2 turns. Base of human body 
cakras is also called serpent of 3-1/2 turns 
(Kundalini). Thus it was called draco is Chaldia 
: and dragon of 3-1/2 turns in China also. 

Since pole star is 84 kala from pole to mesa 
0°, or revati nakSatra, it appears above north pole 
when revati is on meridian and below 84 kala when 
nakSatra 180° opposite citra is on meridian. When 
nak$atras 90° from these are on meridian, (Sravana 
or punarvasu), altitude of north star will be same . 
as pole (though east or west by 84 kalà). 

Verse 63 - Similarly south pole star also 
appears to move around south pole like a bullock 
rotating the oilseed crusher in a circle. 
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Note - There is no conspicous star near south 
pole. Octans group contains south pole, ‘but its 
brightest star v is of 3.7 magnitude and official 
pole star o (sigma octanis) has 5.5 magnitude. It 
is in line with bigger arm of south cross group. 

Verses 6 : Three measurements - Three 
angular measurements (west to east) are used - 
. Man&rhéa, Kalaméa and K$etramáa. Rising times of 
rasis being different, K$etramóa and Kalamáa are. 
different. After one revolution, both complete 360°. 

' Mánámsa. and Kalaméa are same on equator, but 
` difference between them increases as we go further 
` from equator, in north or south direction. : 


Notes : The different measures depend on 
different system of coordinates shown in figure 3.- 


Figure 3 - System of Coordinates 
P = Celestial Pole (Dhruva) 
QE = Celestial equator’ ; 
K = Pole of equator (Kadamba) 
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YL’ = Plane of the ecliptic 

Y= First point of sayana mesa (vernal equinox) 

L,L’ = First points of sáyana makara and 
karka/winter and summer solstice). 

S - a heavenly body 

PS - A great cirde through P,S, cutting 
equator at Q and ecliptic at B. 

Y Q = Right ascension = a = Kalamáa (time 
is measured along equator rotation) 1 Kala at 
equator = 1 asu, R.A. of 1 hour = 15° at equator. 

QS = Declination = Krànti 6 

KS = Great circle through K, S, cutting ecliptic 
at C. 

Y C = Celestial longitude = À = Kśetrāãmśa or 
bhogarn$a 

CS = Celestial latitude = 6 = Sara or vikéepa 

Y B - Polar longitude or dhruvaka - 1 

BS = Polar latitude = vikSepa (dhruva) = d 

Polar longitude (dhruvaméa) and latitude 
(vikSepa) have been used only in this chapter to 
indicate position of stars as we observe them with 
reference to fix position of pole. 

W'E' is a circle parallel to equator in north at 
ange ð, latitude of the circle Y. M = $ where M 
is point on P corresponding to mesa 0°. Absolute 
length of arc between M and corresponding 
position Q' is almost same as great circle between 
them. The great circle between M and Q' is 
manamsa 

Arc MD = Arc Y Q. cos 6 
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Though the angular difference between MQ’ 
and YQ is same, manarhSa is less. It becomes 
lesser, if ô increases i.e. we go farther from equator. 

Kalamáa is the distance along equator, hence 
it is equal to rising time of raSis (at equator). 


Verses 66-68 : Saptarsi measures 


Stars in saptarsi are taken from east to west 
along declining longitude (desantara), not in north 
south direction (akS4msa) (Second. half of verse 66) 

Here difference between dhruva vikSepa of 
pulaha and kratu is only 5°. Similarly, east west 
difference manamáéa between kratu and marici is 

:25* and difference in vik$epa is only 0°30’. Sphuta 
"kranti can be calculated. 


: Verses 69-70 : Conversion of three measures 


Sphuta kranti and dyujyà are calculated. Sum 
of two dyujya for kranti vrtta and visuva vrtta is 
made half - it is called hara. 

Manaméa multiplied by trijya and divided by 
hàra gives kéetraméa (degree on ecliptic) 

KSetramsa multiplied by rising time of its ra$i 
and divided by 180° gives kàlaméa. This way 
.kalaméa of marici and kratu can be found. By 

. Feverse process, manaméa can be found from this 
$a. 

Notes : (1) In notes of previous section, vide 

figure (3) mānārhśa is measured along W'E' parallel 

sto equator which is diurnal circle of a star of this 
Geclination. It is easier to convert it to kálámáa as 
explained in the note, or in spastadhikara for 

:€alculation of day length. 

Manaméa M = H cos 6 


TETY 
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(where H is kalarnsa, 6 is krànti) 
_H.Reosé _ H Dyujya 
7 R ^ Trijya 
However, ò here is measured along dhruva 

prota SQ instead of SC line. Thus length along 

ecliptic is reduced due to lesser rising time of B 

compared to C, and increases due to oblique length 

of B. Thus instead of dyujyà we take average 
dyujyà and trijyà. 

Hence Kalàméa H = METUS | 

;(dyujyà + trijya) 


(2) Ksetrámáa is converted to kalaméa as per 
_ the following approximate ratio used for calculation 


oflagna - . : 
Rising time of rási , Rising time for kśetrārhśa 
Rasi (1800 kala) . Kalama in kala 


Rising time of kśetrāmśa is measured along 
equator, hence its asu is equal to kala of kalarnéa. 

Verses 71-75 : Variation of kalarnéa and 
mánàámáa- Dhruva star moves in a circle of 360°, 
hence its màánàrnáa 

_ 360 x 84 

3438 

i.e. 1° of this circle is equal to men of 8'48” 
` on. equator. . 

. Due to change in kranti, if shape of septate 
remains fixed, then with change in krànti, their 
rising time will also change with change in dyujyà. 

Since k4lantara of saptarsis is fixed with 
_ change in kranti then, east west distance will 


- 8'48" 
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change with change in akśāmsa. If krànti is fixed, 
then kalaméa will be constant. 


If kSetramSa is constant, then kalamga and 
manaméa wil vary. Like kālāmśa and bhàgàmáa, 
relation between kalamSa and mànàmáa also can 
be found. 


Verses 76-79 : Sara of naksatras 


The dhruvaméa of nak$atras given here are 
already with àyana drkkarma. Their Sara also is 
sphuta i.e. in dhruva prota vrtta. 


But Sara of graha is asphuta, i.e. in kadamba 
prota vrtta. After drkkarma, it will become áara in 
direction of dhruva prota vrtta of stars. 


Even when the kadmba prota Sara of nakSatras 
is same, their kranti in dhruva prota circle will be 
. different due to east west difference. Hence the 
length of their day and night will be different (as 
the semi diameter of diurnal circle - dyujya, 
depends on distance from equator in dhruva prota 
direction). 

If the sphuta kranti of a nakSatra is more than 
the co-latitude of a place, the nakéatra will be 
always rising at that place (it will be always seen 
there above horizon). If the south sphuta krànti is 
more than the co-latitude of the place, it will never 
rise above horizon, i.e. always set. 


Notes : Dhruvàméa has already been ex- 
plained. This has been used for indicating position 
Of stars because it is easier to observe them with 
reference to north pole. 


Circumpolar stars have already been ex- 
plained. For them, carajya = R tan ô tan ® is 
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bigger than R, radius of equator, hence day length 
will be more than day night value. 


Thus tan ð tano > 1 

or tan ò > cot $ - tan (90° - 9) 

Here, dis krànti, is ak$améa, hence 90° 
-® is lambàrnáa. 

Thus ô> 90° - ® 


Then the star will be always rising if kranti 
is bigger than lambarhéa. 


Similarly for south kranti, if carajya is bigger 
than R, day length wil be less than 0, i.e. the star 
will not rise. This means the same condition. 


Physically, we can understand it, because 
north pole is above horizon at angle equal to local 
akSamsa. Distance from north pole to the star is 
90° - d which should be always less than ® if the 
star is to remain above horizon. Thus $» 90° - 
ô or ô > 90° -® 

i.e. Kranti > lambámáa 


Similarly, south pole is ®*° below south 
horizon, A star with south kranti will be 90° - 6 
away from south pole. If this distance 90° - ò is 
_less than 9 , then the star will never rise. 


Verses 80-84 - Conjunction of graha and 
nakSatra 


Ayana drkkarma is done for the involved 
graha and difference of dhruvámáa of graha and 
nakéatra is found. The difference in kala is divided 
by sphuta gati of the graha in kala to get result 
in day, ghati etc. If dhruva of graha is less than 
nakSatra, the conjunction will occur after that 
interval, if it is more, then the yoga has already 
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occurred, that period before. When graha is vakri 
(retrograde) then opposite order will happen (i.e. 
if graha dhruva is less, conjunction has happened 
earlier). For this conjunction time, we again find 
difference in sphuta dhruva of graha and nakSatra 
and get the more accurate value of conjunction 
time. After successive approximations, we get the 
correct conjunction time. 


After that, sphuta krànti and cara of graha 
‘and nakáatra are found and cara is calculated. That 
. will give periods of their day and night. From that 
; we get the values of udaya and asta lagna of graha 
|; and nakSatra for their rising and setting times. As 
; explained before, the rising and setting times will 
! be when sphuta sun reaches those positions (of 
'udaya and asta lagna). By finding difference of 
amáa at rising setting times, we get the proportional 
` difference between graha and nakéatra according 
' to the natakala (akSa drkkarma explained earlier) 
and again we revise the conjunction time, when 
‘longitude of graha and nakSatra are same after 
aksa drkkarma. 


As explained in conjunction of planets, we 
' find the north south difference between graha and 
, nakéatra from difference of their dhruva prota Sara. 
; Distance between discs is obtained by substracting 
: the semi diameter of bimbas from this distance. 
: Notes : The methods of àyana and 4kéa 
; drkkarma have already been explained in conjunc- 
ption of planets. Here, the problem is simpler, 
;because the position of nakéatra is alrady stated 
corrected by àyana drkkarma. Further, we need 
{not calculate motion of nakéatra, because they are 
fixed. Here also conjunctions will be different 
according to distance between discs. 


i 
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Verses 85-87 : Bheda of nakSatras 


Planets can enter the following 13 nakSatras 
(or do 'bheda' in their extent) 

Rohini, pusya, krttika, citra, magha, punar- 
vasu, anuradha, jyestha, visakha, revati, Satabhisaj, 
purvasadha, and uttarasadha. 

Other fifteen nak$atras are never crossed by 
planets (no bheda) 

A$vini, bharani, mrgasira, ardra, aSlesa, purva 
phalguni, uttaráphalguni, hasta, $vàti, mila, ab- 
hijit, $ravana, dhanistha, pürva bhàdra pada and 
uttara bhadrapada. 

Among crossed (bhedya) nakSatras, punarvasu 
is crossed by every planet. Pürvasadha, revati, and 
krttika are sometimes crossed. Others are less 
frequently crossed according to kranti of the graha. 

The planet whose south kranti in 14th degree 
of vrsa (44°) is more than 2°20’, can cross the 
rohini (in shape of Sakata - cart). 

When other nakSatras are pierced or entered 
by graha, it is confirmed by seeing with instrument. 

Shapes of nakáatras and planets moving north 
or south (beyond nakSatra) can be seen in 
Brhatsamhità by Varahamihira. 

Thus positions of many stars have been told 
which are famous since ancient times. There are 
many other stars in unlimited number. Nothing 
has been told here about nakSatras expect a$vini 
etc. 

Notes (1) The graha move in ecliptic with little 
deviation according to their small $ara. Many 
nakSatras have large deviations, where the graha 
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will never reach. Punarvasu is lying om ecliptic, 
hence it is crossed by all planets. This was the 
nakéatra which determined start of solar year and 
malamasa in lunar year in vedic era. Hence its 
name is punarvasu, i.e. resettle or restart of year. 
13 nakéatras with less deviations can be crossed 
by planets. 


Sakata bheda - Rohini is in shape of cart i.e. 
$akata, hence its bheda is called $akata bheda. Its 
yogatárà has 5°32’ south Sara, but northern most 
star has 2°35’ south Sara. According to siddhanta 
darpana it is 2°20’. Moon has Sara upto 5° hence 
it can easily cross rohini, but except budha and 
$ukra, no other graha has parama Sara of this 
value. Parama Sara of Sani is 2°29’39” hence $ani$ 
Sakata bheda also appears impossible. But 
-Varadhamihira and Grahalaghava author have stated 
that Sakata bheda by Sani or mangala is very 
inauspicious. 


For siddhanta darpana value of $ani$ Sara, its 
Sakata bheda is just possible (at 2°20’ south Sara). 

Mangala parama Sara is only 1°51’ according 
to siddhanta darpana and modern value but still 
less according to earlier texts. Vedha of rohini is 
possible only when south Sara is assumed less, 
which is not given in the texts. 

According to star catelogues 3000 to 6000 stars 
only can be seen with naked eye. There are about 
10! stars in our galaxy (of average size of sun) 
and there are about 10?) galaxies in universe. 


Verses 88-92 : Milky way - 


A fine circular way of dense fine stars in seen 
in the sky. This is called chaya patha, vaigvanara 
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patha or abhijit marga (akaSa ganga also). It is 
proposed to describe it. 

This chaya patha is circular. It crosses ecliptic 
in Sayana karka and sayana makara beginning. 
Again it extends 60° north from sayana mesa to 
63° south from sayana tula. This crosses south part 
of punarvasu and goes southwards. Then it crosses 
müla and $ravana nakSatras and goes upto centre 
of abhijit and Sravana. From there, it goes 
northwards. From beginning point of karka, it goes 
north in two branches. This can be easily shown 
by diagram on a sphere. But in sky, it is seen half 
only at a time, hence it is impossible to show it. 


We can easily see the stars (separately) of 
milky way with telescope. We can also see pusya 
nakSatra, black spots on sun, water, mountains 
and trees on moon. Telescope can show phases of 
budha and $ukra also like moon. Ring around Sani 
'and many new planets and satelites can be seen 
with it. 

Notes : (1) The galaxy is called akasa ganga, 
chayapatha, visnupada etc. However vaisvanara 
patha is name of ecliptic according to many. The 
akaSa ganga, is the disc portion of galaxy, which 
is dense area with more number of stars, hence it 
looks like a way. The main portion of the galaxy 
is a disc of about 30 kilo persec width. It has two 
spiral arms and sun is located in inner arm as 
shown in figure 4(a) and 4(b). Sun is 10 Kpc away 
from centre i.e. about 2/3rd of the radius. 1 persec 
= 3.26 light years approximately, kilo = 1000. The 
galaxy rotates along the central plane of disc, which 
is almost parallel to orbits of solar system, central 
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portion rotates with uniform velocity almost like a 
rigid body. Stars in vicinity of sun in the disc are 
rotating with speed of about 220-250 kms/sec 
around galactic centre. Mass of galaxy inside sun's 
orbit is 1.4 X 10! sun masses. Total energy of 
galaxy also is about 0.8 X 10! of sun. Mass of 
stars is 2X10* gram. 


Figure 4a - Biete of galaxy Figure 4b - Spiral arms 

The points in figure 4a represent some of the 
globular clustures. The position of sun is marked 
„with the sign. Regions are marked 1 to 5 — 1. The 
spherical subsystem, 2 - the disk, 3 - the nucleus, 
4 - the layer of gas dust clouds, 5 - the corona. 
Radius of corona.is at least a dozen time the radius 
of galaxy. 

Figure 4(b) is disc of the galaxy. The nucleus 
is at centre C.. Two spiral arms are spreading from 
it. Sun is in one of the arms. ` 


E 
Spread of galaxy can be 
seen from figure 4c. C is centre 
and E is edge of disc. Sun is Á 


S. So SC = 10, CE = 15 kpc. 
ZESC=@ is spread of disc. 
Tan@ = 3/4 hence @ = 60° ap- 
proximately. Figure 4C - spread of galaxy disc 
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Central portion and the disc are dense and 
obscured by gases. It can be observed only by 
radio telescopes. It is believed that nucleus of 
galaxy contains huge black hole. Spherical subsys- 
tem contains old stars and globular clustures. They 
rotate with about 1/5th velocity of disc stars. Mass 
of corona is many times the mass of galaxy, but 
its density is much less and it does not emit any 
light. It is felt only by its gravitation. 


Centre of galaxy is in mila nakSatra. its old 
name was müla barhani - i.e. the root from which 
cosmic egg has spread. Probably its position as 
galectic centre was known. Linga puràna also states 
that brahmà travelled for 30,000 years in cosmic 
$iva linga - this is the distance in light years from 
centre to sun. 


(2 A note about magnitude of stars - The 
visual magnitude of the stars has been made in a 
logarithmic scale. Star of Ist magnitude is 100 times 
bright than 6th magnitude i.e. increase of 5 
magnitude reduces the brightness by 1/100. Change 
in magnitude of 1 reduces the brightness by (100)? 
- 1/2.5 approx. Brightness in this scale is 


Sun - 26.5 i.e. 6,31,000 times moon 


Moon - 12.0 
Venus - 3.0 
Sirius -1.4 


Rohini + 1.0 Brahmahrdaya 0.1 


Absolute magnitude is measured by emitting 
power compared to sun in similar logarithmic scale. 
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Verses 93-94 : Prayer and conclusion 


May supreme lord Jagannatha destroy our 
forest of mishaps, who puts the golden ornaments 
to shame with his yellow dress, who is closely 
watching the creation and events in the cosmic 
egg, who is expert in dancing on hoods of Kaliya 
naga and who is radiant near tree of desires. 


Thus ends the twelfth chapter describing 
conjunction of graha and nakSatra in siddhànta 
darpana written as text book and correction of 
calculation by Sri Candrasekhara born in famous 
royal family of Orissa. 


Chapter - 13 
RISING SETTING OF PLANETS, STARS 


Graharksodayasta samaya varnana 


Verse 1 - Scope - Now I describe the rising 
and setting of planets and stars. In sphutadhikara, 
udaya and asta have been roughly described on 
the basis of difference of their kendramSa. 


Verses 2-3 : Types of rising and setting - 


Udaya and asta are of two types - Nitya (daily) 
and naimittika (occasional or seen). 


In first nitya type, due to rotation of pravaha. 
(daily rotation of earth), planets and stars rise daily 
in the east and set in the west. Hence, it is called 
nitya (regular) or pratyaha (daily). 

The planets rise when they are far from sun 
and are visible. They set when they become 
invisible due to closeness of sun. This is called 
naimittika (i.e. casual) udayasta. 

Verses 4-6 : Rising setting of planets (Surya 
siddhànta) - Mangala, guru and $ani, set in west 
when their longitude (rai etc.) is more than sun, 
when it is less then sun, they rise in the east. 
Vakri budha and $ukra also set in west and rise 
in east, when their longitude is more than sun or 
less than it. 

Here more and less do not mean numerically 
bigger rasi. If the planet is ahead of sun in nearer 
portion of arc, then it is more in rà$i and if behind, 
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it is west. For example, sun in mesa will be 
considered more than a planet in mina, because 
mesa is unmedately after mina. From mesa to mina 
direction, mina is greater in numbers but it comes 
at the end of circle. 


(Surya siddhànta) - When budha and $ukra, 
moon are less than sürya, they set in east. When 
they are more than sürya, they rise in west. This 
is because budha and $ukra are faster than sun. 


Notes : In general the rising and setting of 
planets etc is due to daily rotation of earth, due 
to which each star rises in east and sets in west. 
This is called daily rising and setting. Siddhànta 
darpana assumes that earth is fixed and the sky 
is rotated east to west by a wind pravaha, which 
is equivalent to daily rotation of earth. 


This chapters deals with the other type of 
rising and setting caused by brightness of sun. In 
western astronomy, it is called heliacal rising and 
setting (heliacal = caused by sun, Helios = sun in 
Greek). In this rising, when the planets are very 
close to sun and they rise around sunrise in east 
and set with sun, they cannot be seen due to 
closeness of sun. They are said asta (naimitika) or 
heliacally set. When they are slightly away from 
sun and are seen slightly before sun rise (in east 
or west) or after sunset, they are considered 
heliacally risen or naimittika udaya. 


First part of the discussion is about mangala, 
"guru and gani which are slower than sun. When 
sun is behind them sun appears to be moving 
„towards them. When they become very close, tHese 
planets become invisible. Before that closeness, they 
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are seen after sunset in west. After some days, 
they become invisible due to closeness of sun, 
hence they are said to set (heliacally) in west. After 
the time of closeness, sun goes ahead, then the 
planets are seen in east before sun rise. Hence the 
three planets are said to rise in east (heliacally). 


When vakri budha and $ukra are ahead of 
sun, then they are seen in west after sunset and 
set there itself. After some days, they go to the 
other side of sun (less longitude, or west) and they 
are seen in east before sunrise. Hence vakri budha 
and $ukra set in west and rise in east. 


When miargi budha, áukra (and candra) are 
behind sun, they become nearer due to more speed 
and become invisible due to closeness. Then they 
are behind sun and are invisible in east before sun 
rise. Hence they heliacally set in east when they 
go ahead of sun, they are visible in west after sun 
set and are said to rise in west. 


Verse 7-11 : Drkkarma for rising and setting - 


For knowing the rising or setting time of a 
graha in west, on the approximate day of rising 
or setting, spasta sürya and graha are found at 
sunset time. If the rising or setting is to be 
calculated in the east, then on apporoximate day 
they are calculated at sunrise time. (The ap- 
proximate time of rising or setting is known from 
rough kendràmáéa as explained in spasta-dhikara). 
After that drkkrama of both the planets is done. 
(Sürya siddhànta quotation). Ayana drkkarma is 
‘done first, then akSa drkkarma is done. 

Method for ākśa drkkrama - Sphuta śara of 
graha in kalà is multiplied by palabhà and divided 
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by 12. Result is multiplied by 1800 and divided by 
lagna asu of that time. Result will be in kalà etc. 
This will added for south $ara of graha and 
substracted for north Sara when sun is in east 
horizon. When sun is setting in west, reverse order 
will be followed. 

(Sürya siddhànta) Difference of ak$a karma 
corrected graha and sun in asu is divided by 60 
to find kalàmáa. For rising and setting in west, we 
find the difference between (6 rasis added to graha) 
and the sun. By correcting graha with that, we 
again find kalaméa difference. 

Nati correction in sphuta Sara of moon is done 
by the method explained in sürya grahana (chapter 
9). To see the setting of moon in east, it is added 
to accurate moon and substracted from it to see 
the rise in west. ^ 

P 


A ; 
Figure 1 - Ákéakarma at K&itija 


Notes - (1) Ākśa drkkrama at Káitija - In Fig.1 


NALS - Eastern horizon 

N = North point 

S - position of rising graha 
L - Udaya lagna 
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K - Kadamba, P - pole 
B = position of rising planet S on kranti vrtta 
Planet S on krànti vrtta on dhruva prota 


O 
u 


circle. 

ABD = Diurnal circle of B 

CL = Akáa drkkarma of C. 

Here the planet with south Sara, rises after 
its ecliptic position B has risen, or dhruvaprota . 
position of C has gone further above. 

Diurnal circle of B cuts, dhruva prota of S on 
D. 

ADS is a spherical right angled triangle, 
because AD is parallel to equator, hence perpen- 
dicular to dhruvaprota line. Hence Z DAS = 
lambarhSa = 90'-5, where®@ is ak$amáa, /DSA-$ 

Small triangle DSA can be considered a plane 


. figure 
.Hence | 
,DA  GSinzDSA Sin ® Pabbha 
DS SinZ DAS  Sin(90°-®) 12 


Now, approximately SD = SB and DA = CL 
CL _ DA  palabhà 


BS ^ DS 12 
$ x palabha ; 
or CL = Ere A = = as BS = Sara 


. . Since in south Sara the planet is above horizon 
at sun, rise time, its ak$a correction is added to 
.the planet. 

. (2) Kalamáa is the time before sunrise when 
a planet rises. It is equal to 1 asu for 1 kala 
difference on equator. The difference between sun 
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-and planet corrected for ākśa karma wil be rising 
time difference in asu = Kalantara in kala _ 
E EMT Kalàntara in kalà 
Hence, kalantara in amáa = TEES 
Rising time diff in asu 
V RI E 
. (3) Nati samskara is needed only for moon as 


it is very little for other planets. 


Verse 12 - When the lambana corrected moon 
is at 11° kàlàméa from sun, then it is seen on 
horizon. Whêh its distance is less than 11 kalaméa 
it cannot be seen. 


. Verses 13-16 - Rising of stars 


Sara of nakéatra are'bigger. Hence sphuta 
.krànti is found from their $ara. For this sphuta 
‘kranti, carajyà and day length in asu is found. 
` That will give daily rising or setting time and lagna. 
¿At the time of rising (or setting), we get the 
` difference of lagna and sun. The rising time for 
that difference in asu divided by 60 will give 
: kalamáa. 

The kalaméa at the time of rise in east or 
. setting in west is only dependent on sun motion, 
. because stars don't move. Hence, they rise or set 
, at distance of kalàmáéa from sun in east or west 
“like farther planets mangala etc. 


Before setting in west the stars rise in east, 


: due to daily motion. It is not connected to distance 
t from sun. 


; Notes : The method explained earlier for 
, &ahas was approximate for small $ara. But 
` Nakéatras have bigger Sara and accurate method as 
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explained in chapter 11 - for conjunction of planets 
is to be used. The rising time difference is found 
by sphuta kranti of star and sun i.e. it wili be 
difference in their carajyà only. Since it is at times 
of sun set or sun rise, proportional difference for 
natamsa of sun need not be made. 


Carjya difference in asu 


là & 
Thus, kalàmsa 60 


Verses 17-24 - KalaméSa of stars 


KalarnSa of nakSatras in degrees depends on 
their bimba diameters in vikala. The observed 
values of kalàmáa for successive rise in bimba vikala 
is given below - 


Bimba Vikalà Kalarhga 
1 24 
1/15 : 23 
1/30 22 
1/45 21 
2 20 
2/30 19 
3 18 
4 17 
5 17 
6 16 
7 16 
8 15 
9 15 
10 15 
11, 12, 13 14 
15, 16 13 
17, 18, 19 12 


20, 21, 22 11 
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23 to 28 10 
29 to 40 9 
Notes : Bimba value is not the diameter of 
stars because it is so small, it cannot be measured 
even with telescope. It is only a measure of 
brightness estimated empirically. Actually the 
visibility distance (kalamóa) from sun is one of the 
measures Of brightness - expressed as bimba 
diameter. 


Verses 25 - KalamSa of tara grahas 

Kalamsa of taragrahas are 

Sukra 9, vrhaspati - 11, budha 13, Sani 15, 
mangala 17. 


For $ukra and budha, the above values are 
average. Their kalàm$éa at cakra or cakrardha (0° 
from sun - farther side is cakra, 180° from sun i.e. 
near side is cakrardha) are 


Cakra Cakrardha 
Budha 14 12 
Sukra 10 8 


Note : At the end of cakra, on farther side 
of sun, the planets are farther hence light intensity 
is smaller. Hence, they become invisible at greater 
distance. Then they rise in east and set in west. 
At cakrardha, budha and $ükra are between earth 
-and sun and vakri, then they set in east and rise 
in west. 


Verse 27-29 : Rules for heliacal rising 


When difference between sun and the planet 
or star is more than the kalarméa, it will not be 
visible (due to light of sun). 
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Difference of graha or nakéatra with sun being 
less than its kalamSa in west, means it has already 
set. If difference in more than kàlàmáa, then it will 
set in near future. 


If in east direction, rising will be in reverse 
order. If difference (kalantara) is more than 
kaláméa, then planet has already risen, if less than 
kalaméa, it is yet to rise. 

Notes - (1) Condition of rising are 

(1) Planet should be above horizon. 


(2) It should be night time for its being visible. 
Even in night, slightly before sunrise or after 
sunset, it becomes invisible due to twilight. In the 
limiting case of rising in east, its difference from 
sun should be more than kalaméa. Bigger or 
brighter planet will be visible at lesser distance 
from sun. 


(2) Setting in west - slow planets mangala, 
guru or $ani or stars are overtaken by faster sun. 
In west, they rise after sunset at the minimum 
distance of kalamSa, when it has become sufficiently 
dark. It the limiting case, they are east from sun 
at kalamSa distance, when distance is more, it will 
be reduced in future, when the planets or star will 
set. Same happens with vakri budha or $ukra. 


For rising at sunrise time, they should rise 
before sunrise, i.e. west from sun at kalaméa. 
Distance of sun increases due to its faster speed 
in east direction. Hence if it is more than kalàmáa, 
it was equal to kaláméa earlier, when planet or 
star has risen. Vakri budha and $ukra also are 
separated further as they are in west and moving 
further west. 
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Verses 30-33 - Day of rising or setting of 
planets - Graha and sun are added with ayanámáa. 
For setting time, six ra$i is added to both. For 
graha and sayana sun at rising time (6 rasi added 
to each for setting time) rising time of their rāśis 
are multiplied by daily speed and divided by (1800). 
Result will be kàla gati at the time of rising or 
setting. 

We calculate the difference between rising 
times of the planet and sun at sunset or sun rise 
times before akSakarma. This is ista kalamSa from 
which kalaméa of rising is substracted. This 
kalantara is divided by difference of kalagati of sun 
and forward moving graha. If graha is retrograde 
kalantara is divided by sum of kàlagatis. Result 
wil be past days or coming days of rising or 
Setting, as per rules explained earlier. 

Notes : (1) Since inclination of planetary orbits 
with ecliptic is very small, it can be assumed to 
move on ecliptic. 

1800 kala on ecliptic = rising time of that raéi 
on equator is asu 
» oe gati kala x rising time 
or Kāla gati in 1 day = —— 180 ^ (1) 

(Kala gati in kala.) 

(2) Kalàmáa antara or kalantara 
= Kalamga of graha on ista day - parama 
kalamsa of graha 
t: Past or remaining days 
© P Kalàntara 

'" ‘Sun kala gati + graha kálagati de) 
; Here + sign is for vakri graha and - ve sign 
is for forward graha. - - - (3) 
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Verses 34-37 - Ák$a drkkarma for stars. 

Difference of ista kalamSa between nakSatra 
and sphuta ravi and the parama kālāmśa is divided 
by kala gati of sun at the place of nakSatra dhruva. 
This will give past time or remaining time for udaya 
kala (if sphuta sun at rising time is taken) or asta 
kala. 

Half day of nakéatra is calculated for sphuta 
kranti and asphuta kranti. Their difference in asu 
is multiplied by 1800 and divided by rising time 
of the rasi for rising in east (or rising time of 6 
rasi + nakSatra for setting in west). 

Result will be aksa drkkrama in kala. When 
nakSatra has north Sara, akóa kala will be added 
to nakSatra in west and substracted from nakSatra 
in east. For south Sara of nakSatra, akSa kala is 
added to nakSatra in east and substracted for 
nakSatra in west. Result is drkkarma corrected 
dhruva and kéetramáa is found from that. 


Notes : (1) NakSatras have no proper motion, 
hence their rising time is calculated only from sun's 
motions. Here, in place of sun gati + nakSatra gati 
= sun gati — 0 = sun gati only. 

Similarly, kranti of nakSatra is fixed, hence 
ayana drkkarma is not done, only àk$a karma is 
done. 

(2) Udaya lagna or udaya vilagna of a star is 
that point of the ecliptic which rises in the eastern 
horizon simultaneously with the star and the asta 
vilgana or asta lagna of a star is the point of ecliptic 
which rises on the east horizon when the star sets 
on western horizon. 
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Figure 2 - Akéa drkkarma of a nakśatra 


Figure 2 is célestial sphere for a place of 
, latitude ®., SEN is horizon, S, E, N being south, 
‘east and north cardinal points. Z is zenith. X' is 
‘position of star when it rises on the horizon 
(eastern). TEB is the equator and P its north pole. 
"TLA is the ecliptic and L is the point of the,ecliptic 
- which rises with star X i.e. star's udaya lagna. The 
.point T where the ecliptic intersects the equator is 
. tlie first point of Aries (sayana mesa). PXAB is the 
“hour circle (dhruvaprota circle) of star X and A 
the point where it intersects the ecliptic. U is the 
Lpoint where diurnal circle of A intersects the 
horizon. 


= ,. Now arc EB is the ascensional difference 
.(carajyà) due to true declination (arc XB) i.e. spasta 
-kranti of star. Arc EM is carjya due to madhya 
jKránti (of the star's position on ecliptic) i.e. arc AB 
“of the star. The difference of these carajya is arc 
"MB in asu. In asu of arc MB, portion CA of ecliptic 
rises. CA has been approximately considered equal 
LA, àk$a drkkrama of star. 
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Thus àkéa drkkrama = Carajya for spasta 
kranti — carajyà for madhya kranti. 
Since dinardha = 15 ghati + carajya 
difference of dinàrdha = diff. of carajya - (1) 
= ākśa drkkarma 


Longitude of the star’s udaya lagna L i.e. arc 
TL 


= arc TA - arc LA = arc TA - arc CA approx 
= Polar longitude - ākśa drkkarma. - - - (2) 


This explains when the star is north of the 
ediptic, then àk$a drkkarma is substracted from 
star to find udaya lagna in east. 


For asta lagna, it will be added to polar 
longitude of star (dhumvaméa) added to six raéis. 


(3) Rules for rising and setting can be stated 
as star rises heliacally when 


sun's longitude = udaya lagna of star + 
kalamSa. It sets heliacally when 


sun's longitude - astalagna - kalàmáa - 6 signs. 


Star is invisible if, 

Sun's longitude - udaya lagna < kàlàmá$a 

or, asta lagna - sun's longitude < kalàméa + 
6 rà$is 

This can be stated in terms of udayarka and 
astarka. Udayarka (or udaya sürya) is position of 
sun when a star rises heliacally. 


Astarka is position of sun when a star sets 
heliacally. 

Calculation of udayàrka—Star's udaya lagna 
is taken as sun’s longitude and it is assumed that 
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time elapsed since sunrise is equal to star's kalàméa 
ghatis. Lagna at that time is itself udayarka. 


Calculation of astarka - Star’s asta lagna is 
taken as sun’s longitude and kalaméa ghatis of 
time before sunrise, we calculate the lagna. By 
adding 6 rāśis to this lagna we get astarka. 

Theorem (1) - If astarka > udayarka, star will 
never set. 


When sun = udayarka, the star rises heliacally. 
Thereafter, as the sun moves, distance of sun from 
udayalagna increases and star remains visible. Since 
astarka > udayàrka, the same happens when sun 
= astarka. 


The star therefore, does not set when sun = 
astarka. Thus setting is impossible in this case. 

This happens, when star has sufficiently big 
north latitude (for places of north latitude), such 
that star’s àk$a drkkarma > star's kalàméa (on 
ecliptic). For, in the case. 

Udayarka = star’s polar longitude — akéa 
drkkarma + kalaméa 

< Star’s polar longitude 

and, astarka = star’s polar longitude + àk$a 
drkkarma - kalaméa 

> star’s polar longitude 

. So that, -Astagka > star’s polar longitude 

> udayarka 

Theorem (2) - If, for a star, astarka 
< udayarka, then the star will rise and also set. 
The star will remain set when, astarka < sun 
< udayàrka and will remain visible when sun 
<astarka but > udayàrka. 
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Proof - When sun = astarka, the star sets 
heliacally. As the sun’s longitude increases, the 
distance between asta lagna and sun diminishes 
and star remains heliacally set. This happens until 
sun = udayarka, when the star rises helically. Thus 
sun remains set until, astarka < sun < udayàrka. 

When sun goes beyond this limit, it is helically 
visible. 

This case happens when the star's latitude is 
north and its ak$a drkkarma < kalamáa of star. 

For, udayarka = polar longitude of star - ak$a 
drkkarma + kàlàmáa on ecliptic 

> star’s polar longitude 

and, Astarka = Star’s polar longitude + akéa 
drkkarma - kalaméa 

« star's polar longitude 

so that, astarka < star's polar longitude 
< udayarka 

This also happens, when star's latitude, is 
south. 

For, udayarka = star's polar longitude + akéa 
drkkarma + kālāmśa 

> star's polar longitude 

Astarka = stars polar longitude - ākśa 
drkkarma - kalamSa 

« star's polar longitude 

so that, Astàrka < star's polar longitude 
< udayàrka. 

Rule for set period : A star remains heliacally 
set until astarka < sun « udayarka 
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Between this period we take sun's speed as 
the speed at position of star's polar longitude which 
is in between these two values, hence can be taken 
as average speed. Hence this period for setting 

Udayarka — Astarka 
^ Average speed of sun 

Verses 38 - 40 : Kalaméa of the yogatara of 
a nakáatra is expressed in kala, multiplied by 1800 
and divided by rising time of its sayana rasi (for 
rising) and by rising time of (sayana rasi + 6 rasis) 
for setting. Result will be k$etramáa in kranti vrtta. 
This will be added to drkkarma dhruva of nakáatra 
for rising or substracted for setting. This will be 
udaya or asta dhruva of yogatàrà. When sun's 
dhruva (polar longitude) is equal to udaya or asta 
dhruva of the yogatara, it will helically rise or set. 


Notes : It has been explained is previous note. 
Udaya dhruva is udayàrka, asta dhruva is astarka. 


Verses 41-44 : Extreme cases - Many nakSatras 
in north rise again in east before they set in west. 
Hence their setting is not necessary. Their setting 
has been discussed only to know the setting time 
in west. Udaya and asta of many nak$atras like 
Kratu should be calculated. Agastya and yama are 
in far south, hence they remain set for long. 


Day length of any graha or star can be known 
from its carajya calculated from kranti (and local 
ak$àméa). Hence, their daily rising and setting 
times can be known. Still, detailed methods will 
"be explained here for their times of udaya and 
asta. 


The discussion so far has been done according 
to the views of earlier astronomers. Now I describe 
more accurate methods thought by me. 
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Notes (1) Permanent rising and setling of stars 
has been explained earlier. If kranti of the star is 
more than ‘colatitude of the place, the star will 
never set for north krànti. For south kranti, greater 
than colatitude of the place, it will never rise. 

Equivalent condition is that, astarka 
> udayarka; i.e. star will rise again before it sets 
in west, explained in theorem (1) of previous note 
(3) after verse 37. 

(2) Rising of agastya (canopus) has been 
discussed extensively. According to Aryabhata I, 
Varahamihira and Sumati, agastya rises heliacally 
when 

sun's longitude = 120° + ® 

and sets heliacally when 

sun's longitude = 180°-(120° + ® ) = 60°-® 

where 6 is the latitude of the place. 

According to Vate$vara; agastya rises heliacally 
when 

sun's longitude = 98° + 42 P/5 degrees 

and sets heliacally when it is 76° - 42P/5 
degrees. 

where P is the equinoctical mid day shadow 
in angulas. 


Manjula gives the formulas as 97° + 8P and 
77-8P. 


Bhaskara II and Gane$a daivajna give 
98°+8P and 78° - 8P 


The above rules have been derived by 
substitution from the following formula 
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Udayarka = star's polar longitude + ākśa 
drkkarma + kalaméa. 

Astarka = star's polar longitude akSa 
drkkarma - kalàmáa. 
Verses 45-50 - Sphuta kālāmśa — 

Planets and stars rise on horizon, when sun 
is still below horizon. Even in such situation they 


are invisible because sun's light reaches on horizon 
(twilight) due to reflection from atmosphere. 


Natamáa of sun from drk - mandala (when it 
is start of twilight) is multiplied by trijya and 
divided by lambajya. Result is again multiplied by 
trijya and divided by dyujyà. Result will be sphuta 
kalàmáa of stars from sun. 

This means that, there is big difference 
between drk-mandala améáa and kalamsa. On 
equator also, it is equal to difference between 
dyujyà and trijya. At other places it is still more. 


For example at a place of 66° north akóamáa, 
in mesa month (when sun is in mesa ra$i) guru 
and $ukra in mina rà$i rise alongwith sun. Both 
these planets are seen only when away from sun. 
Hence, it is not necessary to calculate these kalam$a 
difference in rising times. From the kalàmáa written 
for these planets, kSetramSa is more, though 
kalamSa is below the visibility limit. Hence, they 
are seen. 


Notes : Due to reflection from atmosphere, 
twilight starts when sun is still 18' below horizon. 
In India, it is assumed 15" below horizon, as it is 
north of equator. This is called usa in morning 
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and sandhyá is evening. Sandhya is used for both 
twilight periods. 

Then sun rises when it is still about 35’ below 
horizon due to refraction of rays in atmosphere. 
Hence twilight period extends from 18° below 
horizon to 35’ below horizon position of sun. 


Thus the nataméa of sun below horizon (18°) 
or nataméa of 108° from meridian is the time when 
sun light starts. Thus, it is increase in carajya which 
is equal to increase in half day length. 

Like carajya, the natamáa jya is divided by 
cos ¢ = lamhajya/trijya to find rising difference on 
diurnal circle. It is divided by cos 6 = R cos 6 /R 

= dyujya/trijya to get the degrees on equator 
whose kala is equal to asu time. Hence the formula. 

Here, dyujyà on equator means kotijya of 
natàmáa, instead of kotijya of kranti. For 66° north 
aké$améa, the difference is Sin 18°/cos 66° = Sin 
30° approx. Hence guru and $ukra rise with 30° 
or 1 rasi difference. 


Verses 50-58 - Sphuta dhruva of udayasta of 
graha - From the udaya and asta kendram$a, we 
find the udaya and asta kala of planets. For that 
time, mandaphala of sun is calculated. This 
mandaphala is substracted from fourth Sighra 
kendra of guru, mangala, Sani at the time of udaya 
or asta, or added to it in same manner, it is 
substracted or added to sun. In budha or $ukra, 
this correction will be in reverse order. 

If graha is less then the true sayana sun at 
that time, half the kalàm$a of graha is substracted 
from sun. If graha is more than sayana sun, then 
half kalàm$a is added to sàyana sun. If sun is in 


E 
A 
8 
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east, that will the lagna at that time. When sun 
is in west, 6 rà$i is added to sun + half kalaméa. 
That will be the lagna for setting time. 

3 rāśi is substracted from this lagna. Kranti 
of that point of ecliptic (tribhona lagna) is calcu- 
lated. By adding or substracting akéamáéa to kranti, 
natáméa and unnatàmáa is found (for tribhona 
lagna). 

The natamáa of $ukra, guru, budha, $ani are 
divided by 4,5,6,7,8 and result is added to 


'unnatàmáa. Jya of the resulting angle is found. 
. KalamSa of the planets for udaya or asta is 
‘multiplied by trijya and divided by jyà of the 
‘corrected unnatámáa. 


Result is degrees etc. will be kalàm$a of graha 


` in ecliptic. This substracted from sun will be dhruva 
; for asta or udaya. Half of this asta or udaya dhruva, 


is added or substracted from sayana sun as before 


. * That will give corrected udaya lagna or asta lagna. 


Notes : No logic has been given for such a 
long and arbitrary process. Probable justification is 
given below 

(1) Kalamáa difference from sun is measure 
of decrease in intensity of sun light. Since it 
decreases according to inverse square of distance, 
kàlamáóa proportinate to bimba diameter (measure 
of intensity) is reduced by half. 

(2) Mandaphala substracted from Sighra 
kendra, is distance of planet from sun, on which 
the brightness of graha depends. 

(3) Natamáa of tribhona lagna is proportional 
to inclination of diurnal circle with vertical. The 
kalaméa will increase in proportion to this obliquity. 
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It is divided by half the values of kalamáa of graha. 
For bright planet, kalamSa is less, fraction of 
natamSa is more, then corrected unnatàmáa and its 
jya will be more, hence sphuta kalaméa will be 
less as it is divided by jya. 

Still the method appears to be based on trial 
and error and probably gave better results. 

Verses 59-68 : Kśetrāmśa of planets for mid 


Orissa K$etramáa of planets is being given for mid 
Orissa according to rasi of sayana sun. 


Planet Rà$i of sáyana sun  kéetrámá$a 
Sukra 1, 12 10/26 
25011 9/51 
3, 10 9/40 
4,9 9/20 
5,8 9/0 
6-7 9/1 


When sun is in west, 6 rāśi is deducted from 
it and then k$etram$a is found. Then the degrees 
of sáàyàna sun are multiplied by difference of 
dhruvàméa and added to k$etràmá$a if increasing, 
or substracted if decreasing. 


Guru 1, 12 13°/27’ 
2-11 13°/2’ 
3, 10 12°11’ 
4,9 11/28 
5,9 11°/5 
6, 7 11/0 

Budha 1, 12 16/11 
2, 11 15/39 
3, 10 14/32 
4,9 13/36 
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5, 8 13/7 

6, 7 13/0 and 13/1 
Sani 1, 12 18/56 

2,11 18/26 

3, 10 16/53 

4,9 15/44 

5, 8 15/8 

6,7 15/0, 15/1 
Mangala 1, 12 21/42 

2, 11 20/53 

3, 10 19/14 

4, 9 17/52 

5, 8 17/10 

6, 7 17/0, 17A 


In fifth ràói, astodaya dhruva will be equal to 
madhyama k$etraméa. Difference of 6th and 7th 
rasi has been written as 1’ kala. 


Verse 69 : For other places also, from 
unnatajyà, kSetramSa between sun and the planet 
for udaya or asta can be found out. 


Verses 70-76 - Sphuta udayasta time. 


When difference of sun and graha is equal to 
dhruvamáa, then that will be the sphuta time. It 
will be made more correct by successive approxima- 
tion, 

From $ara of graha or nakSatra, both ayana 
and àk$a drkkrama correction are done. Both, 
corrections are added together or difference is taken 
according to sign. Resultant correction (positive or 
negative) in vikalà is divided by difference of sun 
gati and graha gati in kala. When budha or $ukra 
, are vakri, it will be divided by sum of gati kala. 
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Result in danda etc. is added to rising and 
setting time, if rising is in east and setting in west 
- and when drkkarma was positive. If rising is in 
west and setting in east, then it is substracted from 
rising or setting times. 

For negative drkkarma, reverse in done. The 
correction time is substracted from rising time in 
east or setting time in west. It is added to rising 
time in west or setting time in east. 


Then we get more correct time for udaya or 
asta. This correction is due to motion of planet at 
the cakra or cakradha. 


When sphuta sun and sphuta graha are in 
same rāśi then it is cakra time for all tara graha, 
for budha and $ukra it can be cakrardha also. 


Note - Ayana and 4kéa drkkarma have already 
, been explained in conjunction of planets. Positive 
drkkarma means rising of planet is later and setting 
time is eàrlier, i.e. difference with sun is reduced. 
(rising in east and setting in west). Then their 
difference will again increase to dhruvàmáa distance 
after sometime depending on relative speed. 


Verses 77-82 - Astodaya time without 
drkkarma - For Orissa, udayàsta degrees for each 
planet has been stated according to sayana sun in 
each rasi. At the time of cakra, the degrees of 
udayasta are divided by difference of speeds of 
sun and graha. For cakrardha of budha and $ukra, 
division is by.sum of gatis. Result will be time in 
days etc. For that period after cakra or cakrardha, 
graha will be set, then it will rise. It will be set 
for that period before cakra/cakrardha also. 
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Sayana sun is calculated for the time of udaya 
or asta found approximately. Again, we calculate 
the difference of sun-graha distance and kéetràmsa. 
This is divided by gati antara or sum and udayasta 
times are corrected. 


For this corrected udayàsta kála, we take the 
average position of graha and sun. Speed of sun 
and graha for that position is the sphuta gati for 
both for purpose of udaya or asta times. 


At any time we calculate the difference of 
sáàyana and dhruvàmáéa corrected sun and the 
sphuta graha. That is converted to kalà and divided 
by difference or sum of speeds of sun and planet. 
That will give days since udaya or asta or remaining 
days according to rules explained earlier. 


Notes : (1) At cakra and cakrardha planet has 
same position from earth as sun. Then they will 
: be set due to closeness of sun. Assuming the speed 
at end of cakra/cakrardha to be average speed upto 
period of udaya, we calculate the time when the 
planets will be separated at distance of kSetramSa, 
"when they will rise heliacally. By successive 
approximation by speeds at approximate time of 
"udayàsta, we calculate more accurate time. 


(2) The days since udayasta or remaining days 
are calculated by calculating as to when sayana 
Sun - sayana graha = k$etrámáa. 

(3) 1/2 (sun * graha) at udaya or asta time is 
the mid position of sun and graha. With sufficient 

, accuracy, speeds of sun and graha at that position 
i; Can be considered sphuta. 
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Verses 82-84 : Conclusion - 


Other astronomers have stated the udayasta 
degrees of graha 1° less than values stated here. 
According to them the degrees are - guru 10, budha 
12, Sani 14, mangala 16, vakri $ukra 7, margi $ukra 
9, 

This is not the real setting or loss of a planet. 
In course of rotation of earth and their own motion, 
they keep coming east, west, up or down. As eyes 
are dazed due to brightness of sun, tārā graha 
become lightless like light flies and become in- 
visible. Due to bigger angular diameters, candra, 
guru and śukra are seen in day light also. 


At equator 22°30’ kālāmśa before rise or after 
setting of sun, its light starts reaching horizon. At 
other places this kalamSa is multiplied by lambajya 
of the place and divided by trijya. Light of sun 
will go upto that distance. (kalamá$a). 


At equator, light of moon is visible 8 kalamáa 
after, setting or before rise. Light of $ukra is visible 
1 kalamSa before rise or after setting. Kalamáa at 
other places is obtained by multiplying it with trijyà 
and dividng with lambàmáa jyà. 

Notes : It has already been explained, how 
planets set hetically. KalamSa of sun here has been 
taken as 22°30’ at equator against 18° taken in 
modern astronomy. Kālāmśa of moon and $ukra is 
not calculated, as it is ineffective compared to light 
of other stars. 


At other places, kalamSa depends both on 


kranti and ak$améa as calculated earlier. Roughly 
we can assume that, sun rays will reach same 
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mànáàméa at other places also which is equal to 
kalam$a X trijya / lambajya 
Verses 85-86 - Prayer and end 


I pray thousand times to revered lord Jagan- 
natha, whose brightness is like jewel of Indra (Indra 
nila mani is blue), whose lotus feet are worshipped 
by Vàsuki, Ganesha, Siva, moon and sun. 


Thus ends the thirteenth chapter discribing 
rising and setting in Siddhanta Darpana written 
for correct calculation and a text book by Sri 
Candrasekhara of a famous royal family of Orissa. 


Chapter - 14 
LUNAR HORNS 


Candra $rügonnati Varnana 


(Elevation of lunar horns) 


Verse 1 - Scope - For knowledge of persons 
of sharp intellect, it is proposed to describe accurate 
daily rising and setting of moon, elevation of lunar 
horns (candra $rhga) and diagrams (parilekha). 


Verses 2-11 : Time after sun set when moon 
sets. 


Rising time and setting time of moon are 
calculated roughly according to method described 
earlier. At the time of sun set, accurate moon and 
sun are made $àyana (ayanàm$a is added). Then 
drkkarma sanskára is done. 

6 ra$i is added to sàyana and drkkarma 
corrected sun and moon. By difference of their 
lagna (rising times of rá$is between them), kalaméa 
is found out. 

Among sun and moon, bhogya (remaining) 
asu of lesser rasi, bhukta (lapsed) asu of bigger 
rasi and rising time of other ra$is in between in 
asu - all are added and divided by 60. Result will 
be sphuta kalaméa difference between sun and 
moon. 

Kàlàmáa difference divided by 6 gives the 
result in ghatí etc. This is multiplied by gati of 
sun and moon and divided by 60. Result in kalà 
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etc, is added to sun and moon. Again, we find the 
difference of their rising times. After repeated 
procedures, rising time difference between sun and 
moon will become steady or fixed. 


Here, àyana and àk$a drkkarma of moon is 
to be done every time, otherwise $ara will be 
different due to change in distance between moon 
and its path. 


When the rising time difference between moon 
and sun becomes constant thus, 3 rasis are 
substracted from moon. For this vitribha lagna, 
nata and Sara are found, and its àyana and àk$a 

- drkkarma are done. 


To make it more accurate, the drkkarma 
"correction is made to moon and sun with 6 rasis 
added to them. The rising time difference in asu 
is found. Sphuta gati of moon is divided by 14 
and multiplied by trijya and divided by lambajya 
. to get the lambana asu of moon. On substracting 
this from the rising time difference, we get correct 
difference in asu. 


This period after sun set, moon will set. While 
finding instantaneous sun and moon, asu should 
be considered savana (21,659 part of savana day) 
and while finding moon at any time it will be 

* NakéSatra (i.e. 21600 part of a nakéatra day). At sun 
Set time, asu will be candra sávana (ie. 22, 390 
f asu). 


Notes : (1) Second half of fifth and Ist half 
of sixth verse are quoted from sūrya siddhānta, 
: ” which was considered by many to be an interpola- 
tion. However, here, they are further specified by 
E ¿giving the values of asu to be taken in these 
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calculations. This is the method for calculating 
setting of moon in $ukla pakéa (bright half). 
Though this is not specified anywhere, but next 
verse tells about procedure for krsna pakSa. It has 
been clearly specified in sürya siddhanta. 


(2) Rough method for rising and setting time 
of moon - This has been stated in chapter 8 - 
candragrahana verses 60-65. That is for pürnimà . 
and can be used for 8th of $ukla pakóa to 7th of 
krsna pakSa. This ignores Sara and doesn't do 
drkkarma sanskara. 

Rising time - At sun set time sāyana sun and 
moon are calculated. l 

Rising time of moon after sunrise 

= Rising time of remaining part of rāśis of 
sāyana sun + for lapsed part of sáyana moon + 
for rāśis in between sun and moon + 56 asu as 
lambana correction for moon = A asu 


A 
^ 360 ghati 


Setting time of moon : Moon set time after 
sunset = rising time of remaining rāśis (of sun at 
sun rise time + 6) + for lapsed part of rasi of 
(sáyana moon at sun rise + 6 raSi) - 56 asu = A 


asu m hati 
= 369 grati- 


Sara correction - Sara kala x palabha / 12 is 
added to rising time if ara is south and substracted 
if Sara is north. Reverse correction is done for 
moon set time. 
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Around pürnimà, moon rise is around the 
time of sunset, hence the position of sun and moon 
at sunset time are taken for better approximation. 

Rising time of moon - rising time of sun in 
east = rising periods of ecliptic between rasi of 
sayana sun to sayana moon. 


Due to lambana, moon will appear lower 
when seen at horizon and rise 56 asus later or set 


..56 asus earlier, the time needed by moon to cover 


EAR 


earth’s radius in its orbit. 


When moon is setting (moon + 6 rāśi) is rising 
.in east. Similarly at sunset time sun + 6 rà$i is 


- rising. Hence moon set - sun set. 


= rise of (moon + 6 rà$i) - rise of (sun + 6 
ra$i) 

= rising time between (moon + 6 ra$i) to (sun 
+ 6 rāśi) 

For equator, rising time of a rāśi and 6 rāśi 
away from it is same. 

If we use the time of setting of rasis instead 
of rising, addition of 6 rāśis is not needed. 


Sign Time of setting in asus Sign 

‘at the equator at the local place 
1. Mesa 1675 1675 +a 12 Mina 
2. Vrsa 1796 1796 + b 11 Kumbha 
3. Mithuna 1929 1929 + c 10 Makara 
4. Karika 1929 1929 - c 9 Dhanu 
9. Simha 1796 1796 - b 8 Vr$cika 
6.Kanya 1675 1675 - a 7 Tula 


Here a, b, c are the rising time differences 
for mesa, vráa and mithuna. 
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Due to north Sara, effective kranti is increased, 
hence carajya will increase. Component of Sara 
parallel to kranti i.e. perp to equator is s cos € 
where £ is inclination of moon’s orbit with equator. 
Hence, corresponding carajyà increase is 


_ s X palabhà 
s tan ® = t orc 


This is substracted from rising time as day 
length increases due to increase in krànti.- 


(3) Successive approximation and drkkarma - 


Due to ākśa and ayana drkkarma, difference 
between sun and moon is corrected as visible from 
the place. 


Difference in moon set - sun set 
= rising time diff (sayana moon + 6 rāśi) 
(sayana sun + 6 rāśi) 

as the rà$i at 6 rasi difference is rising when 
sun or moon are setting. 

That will be sphuta time difference in asu. 

Asu Kala 

60 — 60 : 

360° = 60 danda (naksatra time) 

Hence 1 danda time = 6° Kalàmáa 

Speeds of ravi and sun are calculated for 
sávana dina, hence sāvana asu is to be used e 
day - 21659 asu). For calculation at sunset time, 
we take candra savana dina because moon set to 
moon set time is equal to candra savana dina. 


- degree 


From speed of sun and moon at the asta time 
of moon, further corrections are done. 
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(4) Lambana correction at setting time is 
sphuta gati of moon divided by 14. This is lambana 
améa at local akśāmsa. To convert it into kala at 
equator or asu, it is divided by cos $ i.e. R cos 
/R or multiplied by trijyà and divided by lambajya 
- R cos $. This is substracted from setting time. 

Verses 12-13 - In krsna pakSa, sun at sunset 
time is calculated, 6 rasi is added to sayana sun. 
Difference in rising times between (sayana sun + 
6 ra$i) and sayana moon at that time.is the time 
after sun set when moon wil rise. 


Here also drkkarma is to be done for sun and 
; moon both at sun set time. At rising time, lambana 
¿asu is added. After repeated calculations with sun 
and moon positions at moon rise time we get 
steady value of differnce in sun set and moon rise 
in east. 

Notes : In krsna pakSa, difference between 
sun and moon is more than 6 rasi. Hence at sun 
set time, moon is below east horizon, Hence, we 
calculate the difference between east horizon 
ecliptic point (ie. sun + 6 rà$i) and moon. 
However, while the position of moon at sunset 
time comes on ecliptic, moon goes further east due 
;, to its motion, hence real rising will be later. This 
'. difference is corrected by successive approximation. 


Verses 14-18 : Position of moon at desired time 


> Now, method is described for calculating 
4, position of moon at sun set time or any other time 
¿ aS observed from earth's surface. 


By method explained in chapter 6, sphuta 
, Candra is found at desired time. Its position east 
i or west half of sky is found (from lagna etc.) 
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Lagna for desired time, vitribha lagna and 
vitribha Sanku is calculated. Drgjiya for moon in 
east or west half of sky is multiplied by drggati 
(vitribha $anku) and divided by trijya. Result is 
multiplied by first sphuta gati of moon and divided 
by 14 X trijya 3438 (= 48132). Result in kala etc 
will be added or substracted to moon, if moon is 
east or west from vitribha lagna. Then we get 
lambana corrected moon at desired time. After that, 
we find nati of moon again. Nati and Sara are 
added or difference is taken according to same or 
different directions to get sphuta $ara. From that, 
we do àyana and ākśa drkkarma. By making 
drkkarma correction, we get the samaprota vrtta 
moon as seen from earth surface. 


Notes : Methods of lambana and sphuta 
candra have already been explained in chapter 9 
on Solar eclipse. 


Verses 19-27 : Elevation of lunar horns 


There are two types of elevation of lunar 
horns ($rhga). Generally horn means, pointed ends 
of the bright portion of the disc. But some 
authorities consider elevation of horns of black 
portion also. This horn is not seen but it can be 
known from calculations. 

From one rise of moon to its next rising time 
is called savana day of moon. 

From sphuta kranti of moon, its nata kala is 
found by method explained earlier. 

In first half of $ukla pakSa (Ist day to 8th) 
and second half of krsna pakSa (9th day to 14th), 
elevation of bright horns is found. For other days 
ie. 2nd half of $ukla and Ist half of krsna pakáa, 


Lunar Horns 715 


elevation of dark horns is calculated. Out of bright - 
or.dark parts, whatever is.less than half, its 
elevation is calculated. 

Moon in its vimandala (inclined orbit) is 
lighted by rays from sun in apavrtta (kranti vrtta 
or ecliptic) and is seen in many shapes. 

Even when both the horns of moon are 
equidistant from sun, they appear small or big and 
inclined. 


At a place where midday sun at the end of 
uttara-ayana (i.e in sayana mithuna) is above head 
(i.e. akSamSa of the place is equal to maximum 
kranti - karka rekhà place), the sun at beginning 
of sayana mesa will be in sama mandala at sunset 
time (i.e. in east west circle). At that place moon 
with zero $ara will move exactly in east direction. 


This shows that according to position of kranti 
vrtta, position, speed and horns of moon are 
decided. That also changes due to change of Sara. 

As in candragrahana, in finding elevation of 

. horns also, àyana and àk$a valana are calculated. 


Verses 28-29 - Sara valana 


We consider the right angled triangle whose 
-sides are 


(1) Perpendicular side is the jyà of difference 
between moon and sun. 


(2) Base is the bhuja of $arajyà (or Sara with 
direction) 


(3) Square root of sum of these squares is 
karna - i.e. linear distance between sun and moon. 
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Sara is multiplied by trijya and divided by 
karna. Arc of the result in kala is divided by 60 
to know the valanaméa of Sara (ie. angular 
deflection). l 


Notes : Here we form the right angled triangle 
for deflection from ecliptic only. For sun it is zero. 
In sūrya siddhānta, it is calculated for defleciton 
from equator. For that we take the difference of 
krānti of sun and moon = p ; 

Then, base 

p X chàáyà karna of moon + 12 akśajyā 

D lambajyà 

Perpendicular = Sanku of moon i.e. kotijyà 
of natàmáéa 


Then, Karna =Vbase? + perp? 


Here karna has been termed as madhyahna 
candra prabha karna i.e. straight distance (like a 
light ray) of mid day moon. This has been confused 
with mid day of sun. Ranganatha in his gidhartha 
praka$ika tika on Surya siddhànta, interprated it 
as mid point of civil day between sun rise to next 
sunrise i.e. sunset time. Accordingly, he derived 
the formula. This was followed by Burgess who 
wrote the commentary in 1860 at Chicago U.S.A. 
after he got Ranganatha Tika in Mahārāşțra in 1835. 
Svāmī Vijianànanda followed it in his Bangala 
commentary in 1909 and Sri Mahavira Pd Shrivas- 
tava in his Vijiàna Bhàsya in 1940. 

When moon is at meridian or its midday, sun 
is at horizon or above it i.e. within + 90° of moon, 
as the bright portion is less than half for a horn 
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to follow. Hence it will be almost correct for other 
positions also. 
l Proof : 

SZ is a quarter of the yāmyottara vrtta. Let 


D G F K 


Figure 1 


c be .its centre and Z zenith. Let EC be nadi 


" mandala. ZC is produced to D, so that CD 
" represents a Sanku of 12 angulas. 


When sun is at E, DF is equinoctical shadow 


. of CD or palabha. When sun is at A, DG called 


., bhuja is shadow and GF agra. When sun is at B, 


“DK called bhuja is shadow and FK agrā. 


Thus Bhuja - Palabhā + Agrā; or + Agrā, 


u "when sun is on horizon. 


Similarly bhuja of moon = Palabha + moon's 


* agra in the sphere whose radius is candra chaya 
^ karna i.e. hypotenus of right angled triangle whose 
,, One side is $anku of 12 angula and other is shadow 
;,caused by moon. 


Thus in this sphere, sun's agra 
_ Sun agrā X candra chāyā karna 


Trijyā 
Candra agrā x Candra chāyā karna 
Trijyā 


Moon's agra = 
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Kranti ji x Trijya 
Lambajyà 
Hence difference between sun's and moon's bhuja 
= Palabha + (Candra kranti jyà + Sun kranti jyà) 
Candra chaya kama 
Lambajya 


Palabha 12 


akéajya = Lambaa P hence we get the 


formula for base. 


But agrā = 


From this base and śanku of moon’s height, 
we get the karņa which is direction from sun to 
moon in meridian circle, i.e. projection of sun moon 
line in this circle. 

(2) Due to the confusion about this interpreta- 
tion and apporximate formula, siddhànta darpana 
has given more direct and accurate formula which 
can be used for any position of sun and moon. 


Figure 2 - 

It is known that sun is always on ecliptic, but 
position of moon at M on edliptic is perpendicular 
foot on ecliptic. Thus MM’ is perpendicular on 
plane of ecliptic, i.e. on line SM' of this plane also. 


Arc SM' is difference in moon and sun on 
ecliptic i.e. their rāśi difference. Line SM’ is the 
jyà of that difference. MM’ is Sara of moon i.e. 
$ara jyà (arc MM’ is the Sara). 

Hence SM = Vom? + MM? 
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gives prabhà karna of moon at any time. 
(3) When we know the karna, at this distance 


gara will make an angle = radian 


$ara 
karna 
$ara X trijyà kala 
gro ee ean dels 
karna 


We are following the scale of 1 angula - 1' 
on khagola circle in diagram. Hence, kala is 
converted to degree or angula by dividing it with 
- 60. 


. Verses 30-43 - Diagram of lunar horns 


We draw a khagola circle for same radius 
(57°18’) as in diagram of eclipse. Directions are 
. marked. 


Here also, moon is shown as a circle of radius 
6 angula (i.e. 12 angula diameter). When moon is 
in east kapala, sphuta valana is given in eastern 
point and if moon is in west half of sky, valana 
is given near west point in its direction (north or 
. south). 

Valana of $ara is given in opposite direction 
_ from valana given earlier in both kapalas (east or 
west half of sky). 


End point of $ara valana is assumed to be 
sun and from that, a line is drawn upto centre of 
moon and extended. The point where it cuts the 
circumference of moon will be the border point 


between bright and dark portions of moon due to 
sun. 


Difference of moon and sun in kalà is divided 
by 900 to get the angula width of bright portion. 
From centre of moon, on the sun line (the end 
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point of $ara is sun), we give two points on kha- 
vrtta at 90° distance from sun on both sides. From 
these points also two lines are drawn to the centre 
of moon. 


These two points cut moon on ends of a 
diameter. On sun line, from circumference, a point 
at distance of width of bright portion is given. 


To draw a circle through these points, we 
draw arcs with 5 angula radius from each of three 
points. They form two fish figures, whose head - 
tail lines cut at the centre of circle through these 
points. From the arc through the three points, the 
portion towards sun will be the bright portion of 
moon. 


In sükla pakSa, if moon is in western sky, or 
in krsna pakśa moon in east sky, the bright side 
will be towards sun point. For $ukla pakSa moon 
in east, krsna pakáa moon in west, the bright side 
of moon will be on opposite side of sun: point. 


In $ukla pakSa, less than half bright moon 
will be shown by putting the diagram on west side 
wall. Horns will be bent towards north or south. 


In krsna pak$a, this will be shown on eastern 
wall. For more than half portion of moon bright, 
it will show elevation of dark horns. 


Notes : (1) Valana of moon depends on akéa 
and ayana valana and due to its Sara from ecliptic. 
Hence both are marked. 


Since moon circle is of 12 angula diameter, 
complete diameter 12 angula will be bright when 
moon - Sun = 180° = 10,800 kala 
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12 
. Hence 1 kala difference = — .—- angwula bright 


10,800 
part 


1 
= 900 bright part. 


This assumes that moon’s speed is constant, 


which makes little error. But another assumption 


is that bright part is proportional to angular 
difference between sun and moon. Actually, it is 
proportional to utkrama jyà i.e. R (1-cos @ ) as 
shown below. 


Figure 3 - Phase of moon 


“c is centre of moon, CO is direction of 


t observer, BEAF is the face of moon, perpendicular 
: to direction of observer. CS is direction of sun and 


a 


. axis is CN. This projected ellipse ENF is the internal 


£ EMF is the face of moon perpendicular to CS 
+ direction of sun. Thus the portion of moon between 
; EMF and EPF is the bright portion seen to observer. 
But the circle EMF is seen obliquely by observer, 
+ hence it is seen as half ellipse as projected on 


- BEAF plane whose major axis is EF and semi minor 


. boundary of bright portion. CM is radius of moon 
; hence equal to CB and CN is projection of CM, 
; hence 
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CN - CM cos MCN - CB cos SCC" 


Because ZMCN is the angle between planes 
which are prependicular to the directions of 
observer and sun. Hence bright portion NB 

= CB - CN = CB - CB cos SCC’ 

= CB (1 - cos SCC’) = CB. Utkramajya SCC’ 

LSCC' is roughly the angle between direc- 
tions of sun and moon. If they are considered in 
ecliptic it is difference between longitudes. More 
accurately, it can be found from triangle OCS 
whose sides OC, OS and CS are known. 

(3) In first half of $ukla pakéa, when sun is 
setting, moon will be in west half of sky as it is 
less than 90° ahead of sun. Hence, the diagram 
will be shown on west wall with direction of sun 
downwards. In later half of $ukla pakéa, moon will 
be in east half of sky, hence its dark horns will 
-be shown in east sky because more than half part 
in bright. 

Verses 44-61 - Modern method of showing 
lunar horns. Thus the method for finding lunar 
horns has been described according to old 
siddhanta texts. Now, I describe accurately, ob- 
served bright part of moon according to my 
experience and logic. 

Jyà of difference of moon and sun rāśi etc is 
multiplied by yojana karna of moon and divided 
by yojana karna of sun. Result in kalà etc is added 
. to moon of $ukla pakáa and substracted from moon 
of krsna pakéa. That will be sphuta moon. 

From this sphuta moon, rai of sun is again 
substracted and utkrama jyà is found. That is 
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divided by 573. Result in angula etc. will be 
measure of bright portion or dark portion which 
ever is less than half. 


When less than half of moon is bright, this 
resultant angula will be marked as bright portion. 
If iore than half is bright, then bright angula 
measure is (6 angula - the result). 

As before, from the end point of Sara valana 
in the direction of sun, three points on bright dark 
boundary are found. Through fish lines, we find 
the centre and draw a circle through these points. 


Bright portion of moon less than 1-1/2 angula 

(i.e. 1/8th of moon's diameter) is not seen, because 
the end portions of horn are very thin. Increase 

in phase of moon, or its decrease should be shown 

to people through diagrams. On 4th day of bright 

-half ($ukla pak$a), at the sunset time, moon circle 
is drawn in north direction on earth's surface. 4 

diameters are drawn through directions points and 

angle points. All the diameters bisect each other 

at the centre. West from moon at a distance, sun 

is shown. Due to this sun, west half of moon will 

be bright. To see the bright portion, earth point 

is given at a distance of 5 hands (5 X 24 angulas) 

from moon's centre in agni kona (south east 

, direction). North of this earth point will indicate 
| Zenith of sky. Though half the moon is always 
, "lighted to sun, the portion seen from earth is much 
iless than half due to angle between white circle 
“and visible circle. From southeast direction, we see 
; the diameter through nairtya (south west) and igana 
¿Points (north east). Of the bright portion touching 
tthe north south line, lower half portion will be 


preen from earth. 
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The line from earth centre to south point of 
moon touches west point and cuts the north east 
- south west line. From this point in direction of 
south west, bright portion will be seen. Rest part 
upto north east point will be dark. 


When difference of moon and sun is 45', 
ancient texts, have assumed 3 angula bright 
portion. But in this calculation only (1/45) angula 
is actually seen. Hence, scholars calculate the bright 
portion of moon from utkrama jyà only, because 
in a sphere, any object will be seen in line of sight 
(in perpendicular plane only). 

Notes : (1) Use of utkrama jyà - The formula 
as proved in previous section is through utkrama 
jyà as shown, Logically we can infer it because we 
see the sphere from curved side, not from side of 
centre. Hence the distance of plane surface will be 
proportional to utkrama jyà, from centre it is 
proportional to kotijyà. 

(2) Proof of the formula- c 

As in figure 3, we need s 
to know the angle C’ C S as 
seen from moon between 
directions of sun and direction 
from observer. 

Z SCC = Z CSO + 
Z COS - (1) 

Z COS is the angle be- 
tween directions (rasi) of SUNgigure 4 - angle from moon 
and moon). between sun and earth 

In $ukla pakśa (moon - sun) is less than 180°, 
hence it is smaller angle COS itself. In krsna pak$a 
it (moon - sun) is more than 180', hence we 


Gt 
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- calculate the outer angle (360° - COS) Then 


' 4SCC = ZCOS - ¿CSO --- (la) 
Now in ACOS, by sine-rule 
OC OS . OS 


——— n ———————— —- 


Sin CSO Sin OCS Sin SCC’ 
as Sin SCC" = Sin (180°-OCS) = Sin OCS 
or, Sin CSO = OC/OS Sin SCC’ 


Hm Z CSO is very. small, because OC is very 
a ; small compared to OS. Hence Sin CSO - 7 CSO 
and sin Z SCC’ = Z SOC approximately. 


.. Then 4 CSO = OC/OS (7 SOC) - - - (2) 
Here, OC = candra karna, OS = sürya karna 
Putting the value of Z CSO in (1) or (1a), 
‘we get the SCC’ whose utkrana jyà is to be found. 
; (3) Angula value of bright part. 

P For angle of 90*, utkrama jyà is 3438 kalà and 
, bimba is 6 angula bright 

Hence for utkrama jyà 1 kala, 


| bright portion is 3438 ^ 573 angula 


(4) Diagram 


_To Earth 
Figure 5- Bright portion saen from earth 


vp AUT 


ELE AE NT TES SR I TITY ecd MPs D TEES mug 
Sis aa A RS RO RUE a E 


T 
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. NWS is the face to wards sun and is bright. 
Face SW-S, E - NE is towards earth. Hence west 
of point S only, bright portion of moon is seen. 
WS line is hence the boundary of bright portion. 
it cuts SW-NE line on K. Hence from K to SW, is 
bright portion and remaining part from K to NE 
is dark portion. l . 

(5) Modern method - The great circle from 
sun’s centre to moor’s centre is perpendicular to 
line joining lunar horns. The great circle from 
zenith to centre of moon is at angle from sun 
moon great circle, which is the angle of lunar horns 
with horizon. This angle can be known from 
spherical trigonometry, as discussed in tripraóna- 
dhikàra. l 


i Figure 6 (a) 


Oo 
Figure 6 (b) 


IN figure 6 a, l 
NZS = yāmyottara, Z = Zenith (Khasvastika) 
O = ‘observer, NOS = north south line 
NWS = western horizon 

M = Moon in western sky 

R = position of setting sun 

ZM = natamáa of moon 

Distance between sun and moon 


: 
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4 RZM = Difference between directions of 
moon and sun (digamá$a) from zenith. 

Natakala can be known from vi$uvamáa (rising 
times) of sun and moon and their kranti. 


cos (nata kala) 

_ cos (natám$a) — Sin (akśāmśa) x Sin (kranti) ` 1 

E _cos (akśāmśa) x cos(krànti) ` T ) 

This equation will give the natamáa 

Then digaméa will be known from the 
following equation 

cos (digamáa) 

cos (dhruvàntara) — cos (natámáa) x Sin (ak$amé$a) 

Sin (natémSa) x cos (akéàméa) @) 

These equation have been derived for calcula- 
tion of nataméa and calculation of karna vrttagra 
in Triprasnadhikara verses 71 notes (3) and verse 
44 (notes). 
| Thus in spherical triangle ZMR, we know ZM, 
ZR, MR, and Z MZR. ZR = 90°. Hence we can 
know Z ZMR and the elevation of lunar horns. 

In figure 6(b), M - centre of moon 


OM = vertical circle of moon centre 
(drk- mandala) 


RM = Direciton of sun: from moon 
ANKBC = Bright portion of moon 


l 4 OMR =4 AMN = angle of elevation of 
tunar horns. 


In figure 6 (a), from spherical trigometry 


cos MR = cos ZR cos ZM + Sin ZR Sin ZM 
Cos Z RZM 


. After finding MR from this equation, 
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Cos ZR — cos ZM X cos MR 

Sin ZM x Sin MR ` 

180° - 2 ZMR is the angle of elevation of 
horns, because it is equal to Z PMR. If sun is 
north from moon, then north horn will be upper 
and if south, then south horn will be upper. If 
digaméa of both sun and moon are same then 
horns will level. After knowing this, diagram of 
horns should be drawn as per figure 6(b). : 

Verses 62-63 : Horns of budha and Sukra also 
are visible through telescope. 


cos Z ZMR = 


In India, north horn is mostly seen higher in 
both west and east kapala. Very rarely, south horn 
is seen higher. 


Notes : For akéam$éa more than 28-1/2° north, 
both sun and moon will be always in south. As 
we see from north, northern portion of bright horn 
will look bigger. 


Verses 64-67 : Reasons. for new. methods 
—Earlier astronomers used to find difference of 
kranti’s of sun and moon through a $anku of 12 
angula and. from that, elevation of horns was 
found. Since this method doesn’t give results as 
observed, I am rejecting it. When sun is prepen- 
dicular to equator, half disc of moon in sayana 
makara beginning is seen cut by meridian line at 
zenith. Hence, half disc is seen bright. 

Hence utkrama jya of (moon-sun) is multiplied 
by Ist sphuta gati of moon and divided by (173452). 
Result in kala is added or substracted from half 
dise of moon to find the bright portion width. This 
is added to half diameter when bright portion is 
more than half, otherwise substracted from it. This 
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will be correct measure of bimba in both east and 
west sky. 

When moon is at 11^ from sun, its light is 
more than budha bimba of diameter 17 vikalà and 
less than bright bimba of guru. Hence, it is not 
proper to consider heliacal rising and setting of 

“moon at 11° kalamSa difference. The author 
; considers: it to be between 11° and 12°. 

At the end of Ist day of bright half, 108th 
< part of moon's disc is seen, even though it is very 
i thin. On 4th day, its 1/6 part will be seen bright. 
“At the end of 5th day, 1/4 parts will be bright. At 
;the end of tenth day 3/4 part will be bright. On 
* pürnimà, complete disc will be bright. On 8th day 
1 vend half disc. and on 11th day end 5/6 parts will 
"appear bright. 

Notes : (1) Brightness of moon has been 
3 calculated according to value of utkramajya for the. 
; angle between sun and moon. 
|» (2 Madhya bimba kalà x madhya karna of 
* candra = spasta bimba kala x spasta karna 
in Hence bright portion in kalà 
spasta bimba kalà X utkrama jyà 
|. 2x trijya (= madhya karna) 
madhya bimba kalà x utkrama jya 
2 X spasta karna 
madhya bimba kala X utkramajya 
X sphuta gati 
2 X trijyà x madhyagati 
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utkramajyà X sphuta gati 

madhya bimba kala 
2 X trijya X madhya gati 
utkramajya X sphuta gati 

444 X trijyà 
48705 x x 2 x trijya x 790/35 
utkramajyà X sphuta gati 
173452 

Verses 68-69 - Prayer and end 


On sea beach, Lord Jagannatha protects 
people from anger of yama with his sudaróana 
cakra, and destroys all diseases borne out of 
desires. May he end all our illnesses due to 
passions. 


X 


as given 


Thus ends the fourteenth chapter describing 
elevation of lunar horns in Siddhànta Darpana, 
written for consonance in calculation and observa- 
tion and education of students, by Sri 
Candra$ekhara born in famous royal family of 
Orissa. 


Chapter - 15 
MAHAPATA VARNANA 


Verse 1 - Scope - I am describing mahapata 

as told in scriptures, which destroys the good deeds 
. (arma) earned in pilgrimage, sacred thread: wear- 
ring, marriage etc, in whose discussion mathe- 
pmaticians are also confused, and on whose 
é results of charity, japa and bath become 
T auspicious as in an eclipse. 

>- Notes: Mahāpāta is a fictious conjunction of 
[sun and moon and is as good or bad as an eclipse. 
mo destroys results of good deeds which accrue due 
Ho. marriage etc as described in scriptures. But if 
[good works like charity are done during mahapata, 
_ they are as fruitful as in eclipse. This is a difficult 
: topic, as the conjunction is observed only mathe- 
' matically not as a real phenomenon. 


| Verses 2-8 : Two mahapatas - 

Patas are of two types - Vaidhrti and vyati- 
pata When their (sun moon) krantis are equal, then 
these patas occur. Out of gola and ayana, if ayana 
is same, then pata is vaidhrti and if gola is same 
then it is vyatipata. 


When moon and sun are in same diurnal 
Grcle, they have gola sandhi. When both are in 
Place of parama kranti, they have ayana sandhi. 

When moon and sun are in one gola but 
different ayanas and their krantis are equal then 
it is vyatipata yoga. 
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When moon and sun are in different gola but 
same ayana and their kranti are equal, it is vaidhrti 
yoga. When krànti is same, their aspects are added 
(i.e. they are at same angle with equator plane). 


(In Surya siddhanta) when moon and sun 
both have same kranti, due to combination of their 
rays at same angles there is flow of fire which is 
destructive for living beings. 


Atipata yoga is always bad and destructive. 
Other names of this yoga are vyatipata and 
vaidhrti. 

Each pata has dark colour, very ferocious body 
and red eyes. Both are valiant and occur every 
month. Pata from spasta position (of moon and 
sun) is more destructive than pata from mean 
position. (Quotation ends) 


l Notes (1) Two yogas are named vaidhrti and 
vyatipata, but. these have no relation at present 
with the two mahapatas. However, these can be 
calculated from sum of longitudes of sun and moon 
and in that way they are related to yoga cycle. 


dinernal circle 
NS of sun . 
qs 


uns! ot diurnal coi? 


diurnal circie 
of moon: 


Figure 1 - (a) Vyatipáta 3 Figure 1 - (b) Vaidhrti 
Vyatipata is 10th yoga and vaidhrti is the last. 
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Figure 1 - Mahapata 

Figure 1 (a) shows vyatipata when, moon and 
'sun have common diurnal circle.i.e. same krànti 
but at the other end of orbit. 

Figure 1 (b) shows, vaidhrti yoga, in which 
. the kranti of moon and sun are equal and opposite, 
‘je. diurnal circles of moon sun are at equal 
‘ distances from equator, but in opposite direction. 
, Sun and moon are in same side of sphere i.e. in 
j same gola. 
le In these figures Y is 0° sayana mesa and Q 
“is pata of moon i.e. rāhu. € is inclination between 
‘equator and ecliptic and € between ecliptic and 
*moon’s orbit. 

If latitude of moon’s orbit is neglected (it is 
Jess than 5° always), both moon and sun are on. 
.,editpic. If their longitudes S2 of sun and M; for 
‘moon from sayana 0° are taken, then for equality 
nof krānti. 

Sin Sj = Sin Mi 

= Sin (180°-M1) 

or Sy = 180'-Mi or S,+M;, = 180° 

When they are numerically equal but in 
* Opposite direction, then Sin S; = - Sin Mj = Sin 
&.(360"-Mi) 

Hence Si + M; = 360°. 

(2) In vaidhrti yoga, Si. + Mi. - 2 ayanamáa 


umet 


mere we 


For Vyatipata yoga Si + Mi - 2 ayanamáa 


Thus vaidhrti yoga coincided with vaidhrti 
pmahàpàta when ayanàmáa was 0°. But vyatipata 
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yoga is only 10th yoga starting at 120" and it will 
not tally with the mahapata. 


Verses 9-15 : Calculation of yoga - 


When sum of sayana sun and saàyana moon 
is 12 ra$i then vaidhrti yoga is near. 

Similarly, if sum of sayana sun and sayana 
moon is 6 rasi or 18 rasi, then vyatipata yoga is 
imminent. 

When sun and moon are in different quad- 
rants of ecliptic, then only pàta can happen. Both 
vyatipata and vaidhrti yogas occur once each, 
month. In some months vyatipata occurs twice, 
sometimes it doesn't occur in a month. 


Pata are possible when viskambhaka etc yogas 
occur. For that, we multiply ayanàmáa by 2 and 
added to minutes (kala) of a circle (21,600) or half 
circle (180° = 10,800) if substracted earlier, and 
substracted if added earlier. When result is more 
than (21,600) cakra (21,600) is substracted.' By 
dividing it with (800), result will be past no. of 
yogas from viskumbha etc. Adding 1 to quotient 
it will give the number of current yoga. Remainder 
multiplied by 60 and divided by 800 gives the part 
of current yoga lapsed. 


If moon has no Sara, then it is also the time 
of pata. When moon has Sara, pata will be slightly 
before or after this time. Hence we should roughly 
calculate pata, first according to madhyama kranti 
(i.e. Kranti of ecliptic point of moon without Sara). 

Notes : If has been explained earlier that patas 
will occur when sum of sayana moon and sun is 
6 rasi (for vyatipata) or 12 rà$i for vaidhrti. 
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For, if Sl amd Mi are sayana longitudes of 
sun and moon, when their krantis are equal, for 
-wyatipata l 

Sin Si, = Sin Mi = Sin (180'-Mi). 

or Sı = 180°-Mı or Sı + Mi = 180° --- (1) 

When kranti is equal and opposite for vaidhrti 

Sin Sı = - Sin Mi = Sin (360^-Mi) 

or Si HMr = 360° T-- (2) 

5* ^ While pata is calculated with sayana sun and 
“moon, assuming madhyama kranti without Sara, 
_yoga is calculated for nirayana moon and sun. 

. . Hence, if ayanàmáa is A and nirayana moon 
fand sun are S and M, then l 
A .(Gt* 

M. CE E OC) 

t^ because each yoga extends.for 800 kalà of sum 

-Of sun and moon position. 
| 00S, = A+S, M = A+M 

Hence for patas 

S, + Mi = 6 răśi or 12 ra$i (180° or 360") 
‘oF (S+A) + (M+A) = 6 or 12 rāśi 

or S+M = (6, or 12 rasi) -2 A 
| Putting this value of S+M in kala in (3), we 
-get the yoga number as stated in text. 

i Formulas (1) and (2) give kranti depending 
* only on ecliptic. Since Sara is very small it will be 
: approximate time of pata also. As ayanàmáa 
; remains almost constant, the yogas for occurrance 
: of pata are fixed for some years. We can thus 
know the approximate time of pata by the current 
; Yoga. After knowing sthüla pata, we get it corrected 
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for $ara of moon to know when sphuta krànti is 
equal. 

(2) Since yoga is sum of sun and moon, it 
changes with sum of speeds i.e. (790/35+59/8) = 
849/43 average speed. At this rate, rotation takes 

21,600 Kala 

849/43 kala/day 


In a lunar month of 29.5 days it will definitely 
complete one cycle, hence both the patas will occur 
once at least. Due to extra length of lunar month, 
sometimes, one pata may occur twice. If true kranti 
of moon is more than 23-1/2°, a pata may not 
occur. 


- 25.4 days approximately 


Verses 16-20 : Sthüla pata for present ayanámáa. 


At present (1869 AD - writing of book), 
ayanaméa is.22'. (It can be almost same in 1996 
also with only 1* difference). Hence in $ukla (24th 
yoga) and vrddhi (11th yoga), vaidhrti 3rd quarter 
and vyatipata Ist quarter often fall. That is their 
madhyama time. 


Hence, we assume the $ukla yoga and vrddhi: 
yoga as cakra (21,600) and cakrarddha (10,800 kala) 
aproximately. On the day of that yoga, we calculate 
accurate value of sun and moon (at the end of 
these yoga times). Ayanaméa is added to both sun 
and moon. Then we find the difference of (sayana 
sun- moon) from (10,800) or (21,600) Kala. That will 
be divided by sum of:'sun and moon gatis and 
multiplied by 60 to get time in danda etc. (It can 
be calculated from proportionate duration of cur- 
rent yoga also) This time is added to time of $ukla 
or vrddhi yoga if (sun+moon) was less than that, 
otherwise it will be substracted. 
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After successive approximations, sum of 
sayana sun and sayana moon will be equal to 6 
or 12 rāśis at the calculated time. Then we calculate 
the Sara of moon. 

These yogas are not visible, hence drkkarma 
or lambana, nati are not needed for moon. Pata is 
calculated from earth’s centre only. 


Notes : According to method described after 
verse 15, the yogas at the times of pata have been 
calculated (based on madhya kranti of moon, 
assuming zero Sara), for 22° ayanàmá$a. At present 
also for 23-1/2° ayanàmáa, it is almost same. 

Accurate time of madhyama pata is found by 
method of successive approximation. 


Verses 21-33 - Pata from sphuta kranti 
(From Strya siddhanta) - In odd quadrants, 
.if:sphuta kranti of moon (i.e. kranti of its ecliptic 
a corrected for $ara) is more than krānti of 
isun, then pata has already passed. If sphuta kranti 
«is less, then pata is yet to come. In even quadrants 
"df sphuta kranti of moon is more than krànti of 
sun, then pata is to come, if it is less then pata 
..has passed. 

Persons conversant with gola (spherical 
trigonometry) can know the time of sphuta pata 
: through their methods. But detailed calculation 
: method is explained for common men. 


When sum of rāśis of sun and moon (both 

' Sdyana) is exactly squal to cakra or cakrardha kala 

£ (21,600 or 10,800 minutes), then if pata has lapsed, 
Wen 60 danda is substracted from that (mean pata) 

me. If pata is yet to occur, then 60 danda is 
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added to that time. For that revised time, we 
calculate sun, moon’s pata and Sara and difference 
between sphuta kranti of sun and moon. If sign 
of (candra kranti - sun kranti) has changed after 
this revised time then, pata has occured during 
this 60 danda interval. If sign is same, then pata 
is beyond that interval. 


To find the correct time of pata, we find the 
difference of krantis of sun and moon, both at the 
mean pata time and at interval fo 60 danda. If 
they are of different sign, they are added. If 
difference is of same sign their difference is taken. 
This will be the first kranti gati for finding pata. 


First kranti difference in kala is multiplied by 
60 and divided by first kranti gati. Quotient in 
danda etc is added to mean pata time, if pata was 
to come and substracted from it, if pata had already 
passed. 


At first corrected pata time, we again find the 
kranti difference of sun and moon and find the 
second kranti gati kala. Kranti difference of Ist 
corrected pata time is multiplied by the time 
difference and divided by second kranti gati. By 
the result in ghati etc, we again correct the Ist 
corected pata time. Kranti gati is found by 
multiplying the change in kranti difference by 60 
and dividing by the time difference. 

By repeating this process, by successive 
approximation we get the time of mid-pata. Last 
kranti gati wil be the gati of kranti antara at mid 
pata time. 
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M S, 


as 


S, C 
l Figure 2 - Mahāpāta 


Notes : (1) Whether pāta has gone or not - 


In figure 2, VBAC is the ecliptic where V is 
: vernal equinox. (or sāyana mesa 0°) and A is 
' autumnal equinox. B and C are solstice points in 
“summer and winter at 90° from these. Thus the 
. 1, 2, 3, 4th quadrants from V are VB, BA, AC and 
: CV in the direction of motion shown by arrows. 


ie When moon is in odd quadrant (VB or AC), 
* eg. M in VB, then for vyatipata sun is at Sı so 
; that VM = AS; and VM+VS; = VM + VA - AS = 
VA = 180°. Similarly for vaidhrti, sun will be at 
: S2 in VC where VS; = VM. Thus sun will be in 
2nd or 4th quadrants i.e. in even quadrants. 


At V and A, kranti (madhya krànti for moon) 
* is zero, in VB portion it increases in north direction 
iand in AC portion in south direction. Thus the 
«.kranti increases in VB and AC which are odd 
: ; quadrants and decreases in the even quadrants BA 
p , and CV. 

; Thus when moon is in odd quadrant and its 
; true kranti is more than sun (when madhya kranti 
f is equal) then kranti of moon will further increase 
and sun will decrease for even quadrant. Hence 
Y will be equal at an earlier time i.e. pāta had 
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already passed. If moon’s true kranti is less than 
sun, it will increase and sun’s kranti will decrease 
and they will be equal after some time. Hence pata 
will come after some time. 

When moon is in even quadrant, sun will be 
in odd, hence moon kranti will be decreasing and 
sun kranti will be increasing. If moon’s krànti is 
more, it will be equal to sun after some time and 
spasta pata will come. If moon’s kranti is less, pata 
has already passed. 

This analysis has considered increase of only 
mean kranti of ecliptic point. Sara of moon also 
changes, which will change the true kranti. Hence, 
for correct calculation, moon’s Sara also has to be 
calculated. 

Suppose moon in first quadrant has 5° north 
Sara (maximum value). Then its true kranti at 
madhyama pata will be 5° more than sun. Moon's 
pata decreases at average rate of 5/6.8 degrees 
perday, because its quarter revolution is in 27.3/4 
= 6.8 days. Kranti of sun will decrease and madhya 
kranti of moon will increase at the rate of 23.5/91 
= 1/4° per day approximately. Hence total increase 
in moon’s Kranti will be 5/6.8 + 1/4 + 1/4 per day 
= 1.24° per day compared to sun. Thus the true 
pata will be about 4 days before madhyama pata. 
Suppose it is vaidhrti pata. If previous vaidhrti is 
3 days later, then they will be in 25-7 = 18 days 
and in 12 days of the month another pata can 
occur. Thus there will be two vyatipáta which 
comes about 12 days after vaidhrti and one has 
already passed between two vaidhrtis. 
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(2) Calculation of true pata time 


To To + 60 T1 


Fig - 3a 


Figure 3 - Calculation of true pāta time 


To is the madhyama pāta time when mad- 
hyama krānti of sun and moon are equal. But the 
true kràntj of sun and moon are unequal due to 
$ara of moon. Let ATo be the difference of kranti 
-of moon and sun at time To (it is negative if kranti 
‘of moon is less). To make a first aproximation of 
true krànti time, we calculate the: position at 60 
ghati difference according to the pàta time is earlier 
or later. Then kranti difference is BB’ where B’ 
indicates time To + 60 danda. When kranti 
difference has same direction i.e. at O (To) and B' 
.(moon-sun kranti) is both positive or negative, the 
;true kranti will be equal at time C outside B’ i.e. 
outside the interval of To to To + 60. We assume 
‘here that kranti difference has same gati (or rate 
‘of change), hence it will be zero where line AB 
‘Cuts the line OB’ where kranti diff. is zero. This 
às shown in figure 3(a). 

Figure 3(b) shows that the sign of kranti diff. 
changes. Then AB line cuts OB’ between the 
anterval at C. 
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In both the figures we draw a line BA' parallel 
to OB' which cuts AO (or AO extended in fig b) 
at A’. Then AA’ is change in Kranti diff. in 60 
danda time. Here AA' - AO-BB' - diff of kranti 
diff in fig (a) when kranti difference has same sign. 

AA’ = AO + OA’ = AO + BB’ = sum of krànti 
diff. in figure (b) when they are of different signs. 

Thus speed of kranti diff. is AA’/60 in each 
danda. Hence it will be zero in time To Ti 


AO X 60 
AA’ 


Here AA’ is the gati of kranti antara in 1 day 
or Ist kranti gati. 


Thus we correct the madhya pata time 
according to difference of kranti antara in 1 day. 


By calculating the kranti difference again at 
point Tı we get more accurate value of true pata. 


_ (3) Sürya siddhànta has given another 
method, using difference of moon from rahu. Here 
we have not described the method of calculating 
$ara of moon, which is necessary for sphuta kranti. 
Sara depends upon bhuja jyà of difference between 
moon and rahu, hence, we take this as difference 
of sphuta kranti in sürya siddhànta. 


danda 


Verses 34-42 - Spar$a and mokéa of pata. 


This was the time, centres of moon and sun 
were having same kránti i.e. mid point of pata. 
When the first points of moon and sun have equal 
kranti, this is called spar$a time as in eclipse and 
When the last point has equal kranti it is mokéa 
time. Thus full pata time is from sparóa to mokéa. 
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Now, method to find spar$a and mokéa time is 
being ‘described. 

Like method of lunar eclipse, we find the 
bimba of moon and sun at mid time of true pata 
and add their semi diameters (manaikyardha). Sum 
of semi-diameters is multiplied by 60 and divided 
by last kranti gati (i.e. kranti difference gati at mid 
pata time). 

Result will be madhyama sthiti ardha time in 
danda. By adding to pata mid time, we get mokśa 
time and by substracting we get the spar$a time. 

At these approximate times of sparáóa (or 
mok$a) we again find the difference between 
sphuta krantis. If this is less then manaikyardha 
(sum of semidiameters of sun and moon) then 
sparáa time has passed (or mokSa time is to come), 
as the kranti difference decreases from sparSa time 
(equal to manaikyardha) to mid time of pata, where 
it is zero. When kranti antara is more than 
manaikyardha, then spar$a is to come (or mokéa 
time has passed). 


Kranti antara at sparsa (or mok$a) time 
multiplied by 60 and divided by madhya sthiti 
ardha will give Ist kranti antara gati at sparsa (or 
mokáa) 

Manaikyardha vikala at spar$a (or mok$a) is 
divided by first kranti antara gati at sparáa. It will 
give sthiti ardha for sparsa (or mok$a) in danda. 
By substracting them (or adding) to mid pata time, 
we get the time of sparSa (or mok$a) - Ist sphuta 
value. 


744 Siddhanta Darpana 


Now at the first sphuta value of spar$a (or 
mok$a), kranti antara kala is multiplied by second 
sthiti ardha time in ghati for spar$a (or mokSa). 
We get second kranti antara gati at sparsa (or 
mok$Sa). Again we can get second sphuta value of 
spar$a (or mok$a) times and sthitiardha. By 
successive approximation, we get the steady wale 
of sthiti ardha etc. 


Figure 4 - Sparsa and mokéa of pata 


Notes : In figure 4, fictitious joining of sun 
and moon have been shown. Krànti's are equal in 
a pata, but they may be in different direction. They 
have been shown in same direction. Sun and moon 
are always in adjacent quadrants for pata as shown 
in figure 2, but they are shown at one place for 
explaining equality of kranti of different parts of 
sun and moon. At point O, krànti of centres of 
sun and moon are equal. Hence, it is mid time of 
pata. When centres of moon and sun are at Mi 
and Sı, their kranti antara is M; Sı and discs touch 
each other at T;. Kranti difference is moving along 
M; OM;. At position M2, S2, the discs just touch 
at To. 


Thus before M; or after Mz position, the 
krantis of no part of sun and moon will be same 
and there will be no pata. Between these positions, 
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some point of moon will have same kranti as some 
point of sun, hence it will be pata. 


It is clear that at spar$a time 

Kranti antara MjS; = MjTi; + Ti $ 

= semi diameters of (sun + moon). 

Similarly at mok$a time also it will be equal 
‘to mànaikyardha. 

First we calculate the approximate position S, 
_ S2 from the krànti antara gati at O. Then we correct 
it with the gàti at approximate positions of Sı and 
S2 to get more correct value. By repeating this 
process, we get the accurate value. 

This is only a diagram to explain equality of 
kranti of different points, there is no closeness of 
.sun or moon as in ecliptic. 


Verses 43-45 : Effects of pàta - According to 
. Sürya siddhànta the time of pata from beginning 
to end is fiery like burning fire and all auspicious 
works like marriages, sacred thread ceremony etc 
are prohibited during this. 


Pata arises due to equality of kranti’s of sun 
and moon. That destroys all results of noble deeds. 


By knowing the period of pàta, penances like 
bath, charity, mantra, $ráddha, worship, offers in 
fire all give good results, as on the occasion of 
eclipse. 

Verses 46-49 : Duration of pata 


Average duration of pata is two prahara or 
15 danda. Minimum duration is 9 danda and 
maximum duration is 2/20 days. 
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When ucca and pàta of moon is in the last 
part of 12th rasi (mina), sáyana sun is near mina 
and sayana moon is near kanya, then pata duration 
is minimum. 

When candra, its ucca, and pata all are at 
beginning of karka rà$i, sáyana sun is at the end 
of dhanu rāśi, then pata is for maximum duration. 


If pata of candra is between mithuna 28° to 
karka 1° instead of karka beginning, then there is 
minimum time between two equalities of krantis 
(i.e. mahapatas). If at the end of ayana, spasta 
kranti of moon is more than 28°, then krantis 
cannot be equal. 


Notes : (1) Here pata has been used as short 
form of two mahapatas - Vaidhrti and vyatipata 
when krànti of sun and moon are equal. But pata 
means the point of inter section of a planets orbit 
with ecliptic which is sun’s orbit. For moon’s orbit, 
pata’s are called rahu or kātu. As in case of all 
orbits, the pata point after which planet starts 
having north $ara, the ascending node (ràhu) is 
pàta of moon. 


When moon, its ucca and its pata are in 
beginning of karka i.e. 90°, then sun in 270° will 
cause vaidhrti. Then moon has almost zero Sara 
and its true north kranti is equal to sun krànti in 
opposite south direction. Speed of krantis will be 
slowest and speed of moon also will be slowest 
near its ucca, hence its pata will be longest. 


If moon pata is between mithuna 28° to karka 


1° (Le. 88° to 91°) then within this movement of 
3° pata, just before pata position moon kranti will 
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be less then 23-1/2° equal to kranti of sun before 
270°. After pata, Sara of moon will rapidly increase 
and spasta kranti will be equal to sun krànti 
maximum at 270'. Hence next pàta will come 
earliest. 


Opposite to the longest pata, moon at 180° 
and sun at 360° (vyati pata), if ucca and pata of 
moon are near 360,' then speed of moon is 
maximum, 0° krànti period will be for lowest period 
as kranti speed is maximum at 0° kranti and Sara. 
hence pata is of smallest duration. 


For such situations, maximum and minimum 
periods of patas have already been given. 


(2) Maximum krànti of sun can be only upto 
23-1/2' in either direction. However, due to Sara, 
moon can have kranti upto 28-1/2° due to its 
parama Sara of 5°, when madhya krànti and Sara 
both are maximum and in same direction. Then 
.moon’s kranti will be between 23-1/2 to 28-1/2° and 
sun's kranti will be always less than 23-1/2°. Hence 
true krantis can not be equal and there can be nọ 
true pata, though madhya pata will occur. 


Verses 50-54 : Gola and ayana for pata 


For calculating true pata, Sara of moon 
changes due to its orbit (distance from its pata 
rahu). But madhya krànti is same as kranti of sun 
in that ayana. At gola sandhi (zero $ara) sphuta 
kranti doesn't change due to Sara. But in ayana 
sandhi (maximum kranti but least kranti speed), 
kranti gati changes due to Sara gàti. Reason is that 
kranti gati is more in gola sandhi (at equator) and 
least in ayana sandhi (maximum krànti position). 
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In south and north gola, north south motion 
of moon due to Sara doesn't change its total kranti 
gati. Being deflected north or south due to pata, 
moon still continues its motion on krànti vrtta. It 
is not affected, whatever may be the value of Sara. 


Varahamihira has described gola and ayana 
system for mahapatas very logically in his 
Brhatyatra book. 

Notes : This is an objective description and 
needs no further comment. Brhatyatra is not a well 
known book of Varahamihira who has written three 
texts in three branches of jyotisa - Brhatsamhita 
(Samhita), Brhatjataka (astrology - phalita) and 
Pafica siddhàntika (astronomy). 


Verses 55-58 : Inauspicious times 

In grahasphuta - chapter 5, 27 yogas have 
been described according to sum of rasi etc of sun 
and moon. Out of them 27th yoga is vaidhrti and 
17th is vyati pàta. These yogas are very fiery 
because sun and moon, become very angry, their 
aspects being inclined at same angle to equator, in 
same manner as two bullocks become angry when 
they are forced to move together round a pole for 
crushing oil seeds or separating grain chaff. 


From Sürya siddhànta - Last quarters of aSlesa, 
jyestha and revati - ra$i and nakSatra both have 
their borders. Hence last quarters (1/4th part) of 
these nakSatras is called ganda. Half of first quarter 
(first 1/8th part) of next nakSatras (magha, mila 
and aśvinī) are called gandanta. 


All auspicious works are prohibited in sandhi 
(junction) of rasis. Last navamSa of karka, vr$cika 
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and mina rāãśi are in mina rasi. First navaméáa of 
next raSis (simha, dhanu and mesa) falls in mesa 
rasi. Hence all these navaméa are also bad. Like 
gandanta, these navamáa also fall in the junction 
of rasi and nakSatra, hence good works are 
prohibited in them. Visti (bhadra) etc bad karanas 
are also to be avoided. 


Notes : This has nothing to do with ganita 
jyotisa. This can be considered use of these 
calculations of pata, nak$atra karana and yoga. 


Sürya siddhanta explains that 3 vyati patas, 
3 rasi sandhi and 3 nakSatra sandhi all are very 
bad. 


Here 3 types of vyatipata are - mahàpata called 
vyatipata and vaidhrti, yogas named vyati pata and 
vaidhrti. Mahapata are of two types - one from 
mean value of kranti and one from true kranti, 
hence three types of vyatipatas. 


12 rà$is or 27 nakSatras both are equal to 360° 
or full circle. Hence 1 rāśi is equal to 2-1/4 = 9/4 
nakéatras. Thus when 4 rāśis are complete, 9 
nakéatras also are completed, and their junctions 
combine. 


To tally rá$i with nak$atra, each nakSatra is 
divided into 4 quarters, so that each rasi has 9 
quarters. Each rasi is also divided into 9 parts 
called navamsa. Thus, 1 navamSa = 1 quarter 
nakSatra = 3°20’. Navamáa also is counted like ra$i 
starting with Ist naváàm$a of mesa as mesa, 2nd 
navamsa as vrsa etc. 


Thus at the and of 4, 8, 12 raSis, 9th, 18th 
and 27th nakSatras i.e. mina navamá$a is completed. 
Next navàmáa i.e. Ist navaméa of 5, 9 Ist raSis are 
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mesa navàmáéa. According to rules stated, last 
quarter of 9th, 18th and 27th rāśis or first half 
quarters of next nakSatras are bad. If a child is 
born during this period (i.e. if moon is in ganda 
or gandanta nakSatra), that nakSatra is worshipped 
when it comes again (on 27th day of birth). 


As the seventh day sunday was not meant 
for work in christianity, 7th karana visti is not 
good for starting any important work or for 
proceeding on a journey. It is also called bhadrà 
(meaning good - probably for holiday purpose). 


Verses 59-62 : Comments on the siddhànta 
methods - Brahma took 47,400 divine years in 
creation of world, which is called srsti kala (creation 
period). From next day after creation, revolutions 
of graha, their ucca and pata etc started. Hence it 
has aheady been stated that for calculation of graha 
etc, the years of creation will be deducted from 
the years counted from beginning of kalpa. 


After completion of creation, caitra $ukla 
pratipada was the first tithi. Then sun was rising 
in Yamakotipattana and it was mid night in Lanka. 
This day was named as ravivara (sunday). From 
that instant Brahma left graha, ucca and pata to 
move in their orbits from first point of a$vini 
nakSatra: (mesa 0°) From that time only days, 
months, years, kranti and revolutions of graha etc 
started. They had not started from start of day of 
Brahma (called kalpa). From that time, only ghati 
(1/60 of a civil day), yuga and manu etc started. 

Sages like ParaSara have described king, 
ministers and protectors of the years, clouds like 
drona and puékara, rulers of grains etc, parts of 
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fire, rain and deceases, raja yoga etc for predicting 
ood or bad results of future. Sometimes, they 
ive the said results, sometimes they don't. Due 
to that, these have not been described here, as in 
other siddhànta texts. 


Sun and moon complete their revolutions at 
the end of every yuga and also in 1/4th part of 
yuga. During a quarter of yuga (10,80,000 years), 
savana ahargana (civil days) are (39,44,79,457). At 
the end of dvàpara, srstyabda (years since creation 
end) was (1,95,58,80,000). This divided by years of 
‘a quarter yuga (10,80,000) gives quotient (1811) and 
zero remainder. hence there is no need to state 
dhruva (positions) of sun and moon at the end of 
dvapara (after complete revolutions they are again 
at start of mesa 0°). 


Verses 63-66 : Start of Karana for this book 


From beginning of creation to dvàpara end, 
past years (years completed at entry of mean sun 
‘in mesa) were (1, 95, 58, 80, 000), and at (4970) 
completed years in kali (1869 AD - Karanabda) the 
aharganas are (7, 14, 40, 22, 96, 627) and (18, 15, 
334) from creation and kali. Both are correct as 
checked by vara (weekdays). 


At beginning of karanabda, when mean sun 
.had entered mesa, first day according to mean 
, value (sun and moon) was caitra sukla pratipada. 
The dhruva stated for that day (mean positions at 
beginning of year) when added to daily motion 
: for lapsed days, becomes dhruva of madhyama 
. graha acording to sürya siddhànta. Ahargana of 
karanabda starts with tuesday (mangala vara). 
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The day before beginning of karanabda has 
been assumed monday. That day was caitra sukla 
pratipadá. (mean speed). According to Spasta 
position it was vaisakha adhimàsa (extra month) 
pratipada. Hence the day before start of karanabda 
is correct caitra pratipadà according to mean speed 
and monday, which is convenient day for stating 
dhruvas. 


From starting point of karanabda, (18, 15, 
334-15) days before, kaliyuga had started at mid 
night at Lanka. According to ancient authorities, 
that was caitra $ukla pratipadà by mean positions. 
Again first day of karanabda is in vai$akha by true 
position. To find this caitra $ukla pratipadà, dhruva 
at the end of dvàpara is to be added. Thus the 
dhruva have to be stated after specifying whether 
it is for mean time or true time. 


Vikrama years = Kali years - 3044 

Saka years ` - Vikrama years - 135 
Bhàsvati year = Saka years - 1021 
Bháskara II years = Bhasvati - 51 
Kuchanna year = Bhàskara II year - 148 
Darpana year = Bhaskara II years - 719 


Verses 67-68 : Importance of Siddhanta etc. 

The text which calculates graha from number 
of days since creation is called siddhànta. 

The text calculating graha from days since 
yuga beginning is called 'tantra'. 

The text which starts its count of days from 
beginning of $aka year or any convenient year 
nearby is called ‘karana.’ 
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Siddhànta Darpana contains all the three 
methods. 


- On seeing a knower of siddhanta, papa (result 
of bad work) done in ten days is destroyed. Knower 
of tantra destroys 3 days pàpa and karana knower 
destroys 1 days papa. The man who beats his drum 
about time without knowing jyotisa is a multiple 
loafer. 


Verses 69-70 : Discussion of dhruva etc. 


Many astronomers like Bhàskara saw that 
moon is 3 rà$i ahead of sum in half fortnight, 
hence they added 1/3rd of the nakSatra dhruva. 
They had not observed it directly. Many 
astronomers differ about starting point of mesa 0°. 
I have not accepted them in absence of proof. 


Current age of Brahma has been assumed to 
be 50 years by some, or 58-1/2 years by others. 
This has no importance for any practical use, 
because graha is calculated from the current day 
` (kalpa) of Brahma. We should be satisfied with 
that only. 


Verses 71-73 : Prayer and end. 


Lord Jagannatha is ocean of mercy for uplift 
of down-trodden and is beloved husband of 
Lakémi, daughter of ocean. He has thrown my 
mind out of his bhajana, so dear to me, into the 
market of mathematics. He may provide shelter to 
my intellect, so that it doesn't lose its way in hard 
Work. 


Thus ends the fifteenth chapter describing 
pata in siddhanta darpana written as a text book 
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and for accurate calculations by Sri Candra$ekhara 
born in famous royal family of Orissa. 


Thus first half of siddhànta darpana is 
complete which contains 3 adhikàras containing 15 
chapters where correct siddhànta and accurate 
planetary calculation has been described for hap- 
piness of the learned. 


Chapter - 16 


QUESTIONS ON METHODS 
4. GOLADHIKARA 


- Verses 1-4 : Prayer and scope - 


By meditating on whose lotus feet, learned 
; men like Brahma, Vaáéistha etc. often wrote new 
:'siddhànta texts after seeing errors in earlier texts, 
:Jogically explained the questions by students and 
; even knowing all, wrote small texts like the author, 
‘I pray to the same lord of worlds Sri Jagannatha. 

I pray to the sun also who moves around 
-earth with mean velocity carrying all the planets 
_as a first among planets, removes misery of people 
"by providing light, as true position is epitom of 
‘three vedas, and is like eyes of grand cosmos. 

I pray my guru Sri Bhaskaracdrya (II) who 
wrote his siddhanta siromani, because earlier texts 
developed errors as shown by him, who revised 
.the new numbers of revolutions after seeing the 
.Brahas in his time, and who did a great work for 
4my benefit as well as of world at large. 

For lord Jagannatha staying at Nilacala, whole 
“world is a play field. He destroys sins. By keeping 
‘his radiance in my heart, I have completed 
iBrahaganita and start gola ganita with happiness 
"aboĝt which old astronomers have written in detail. 

Notes (1) Scope - Now all the methods 
"pertaining to calculations of planets are over. Now 
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all the doubts regarding the methods and assum- 
pitons will be explained. All the explainations arise 
from curiousity or doubts of students, hence first 
of all questions are framed. These are the doubts 
expressed by common people and critics, sup- 
porters of other theories and explainations for his 
new methods. All the questioners are symbolised 
as student. In astronomy, all the calculations are 
done on a spherical surface, as the planets and 
stars move on the imaginary celestial sphere. hence 
spherical trigonometry is the main instrument to 
explain the methods. Hence this part is named 
goladhikara, i.e. section on gola (sphere). After 
questions, this will explain the details of two golas 
- bhü (earth) and bha (sky). 


(2) Purpose of writing new texts is to explain 
the changes and errors whch have developed in 
old texts. This is not to, say that earlier sages were 
at fault, they were knowing everything, but 
explained only those matters which were necessary 
at that time. 


(3) In addition to lord Jagannatha, ista deva 
of the author, all the ancient and recent 
propounders of the subject have been prayed. Out 
of 18 àcáryas of jyotisa, Brahma and Va$istha have 
been remembered first. Out of the traditional 18 
siddhàntas, only 5 survive in pafica siddhantikà in 
which Brahma siddhànta is the oldest. The same 
brahma siddhànta was updated by Brahmagupta. 
Va$Sistha siddhànta is available in fragments in 
addition to 5  siddhàntas explained by 
Varahamihira. In the current siddhantas, sury4 
siddhanta is the latest and most accurate and 
popular. Sun god has been prayed in three forms 
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- as acarya of sürya siddhànta, as god he is form 
of visnu and epitome of three vedas, and thirdly 
he is first among planets which move around him. 
Here it is assumed that mean sun moves around 
earth and all other planets move around it. 


Lastly, Bhaskaracarya (II) has been prayed 
whose siddhànta $iromani has been largely fol- 
lowed in this book and who is considered guru 
by the author. 


Verses 5-11 : Importance of gola 


To explain gola ganita to layman, I have 
explained the statements of Bhaskaracarya, and 
sometimes quoted others also. Due to study of old 
texts, my ideas also have emerged. 


(Rest from siddhànta siromani) By not know- 
ing true meaning of mean and true planets and 
secrets of mathematics, astronomer remains con- 
fused and he is not respected in society of the 
‘learned. I am writing this ‘gola’ text so that secrets 
of astronomy are as clearly seen as an ‘amala’ fruit 
kept in palms. 


An astronomer is useless without knowledge 
* of mathematics in same way as food of all tastes 
is without ghee (butter), state without king and a 
Symposium without learned speaker. 


A clever speaker may tell a lot to gathering 
f learned even without clear knowledge of 
‘grammer. But finally he is humiliated with sarcastic 
emarks and glances. Similarly, an astronomer 
Without gola knowledge also becomes a matter of 
ke when he fails to understand many questions 
nd secret statements. 
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Gola (sphere) is a model to understand the 
location and size of earth, planets and stars. Gola 
has been considered an independant subject which 
can be understood only through mathematics. 


Predictions of astrology have been considered 
authentic according to old astronomers. Predictions 
are according to lagna, and lagna is according to 
position of planet (earth). Without knowing true 
positions of planets, predictions cannot be made 
only from lagna. All planets move on celestial 
spehre only. Hence knowledge of gola is necessary 
for ‘calculating true positions of planets. Gola can 
be understood only by mathematics. Thus a person 
cannot understand jyotisa without knowing math- 
ematics. 


Mathematics is of two types-'vyakta' (i.e. 
concrete - arithmatic and applied mathematics) and 
'avyakta' (abstract - pure mathematics like algebra, 
-geometry). After knowing these two types of 
mathematics and grammer, one can read and 
understand jyotisa. Without them, he is a name- 
sake astronomer only. 

Notes : Modern branch of gola is spherical 
trigonometry. Spehre is a model in the sense, that 
it is a coordinate system. For stars and planets, 
we only measure the direction and distance is 
immaterial. Hence they can be observed as points 
on a spherical surface which are from same distance 
from observer. 

Knowledge of gola needs calculation methods 
(vyakta or pati ganita) and avyakta (abstract) ganita 
like trigonometry, algebra etc. Grammer is needed 
to understand the text of jyotisa and to describe 
it correctly in own words. 
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Verses 12-39 : Doubts about earth 


Now sky, earth and nakSatras are being 
described as dialogue between student and teacher, 
so that all secrets are explained. (12) 


(Student) : O Teacher ! you have explained 
about graha ganita and gola in your nectar like 
voice. But you have discussed views of many 
` ácáryas with too much description of scriptures. 
. These various branches of thoughts have only 
increased my doubts, instead of clearing it (13-14) 

Earth according to purànas ; Long ago, at 
beginning of creation, the creator formed earth for 
our living. First, explain me its clear form and 
location (15) - (question 1). 

After that only, I can really understand the 
celestial sphere and planetary orbits. (16) 


Puranas have described earth in shape of a 
circle. This earth has been held by varaha, snake 
: (Sesanaga) and kacchapa etc. Area of earth is 50 
crore yojanas (17). 
In central portion there is Jambü dvipa of 1 
lakh yojana extent (area) which is surrounded on 
. all sides by salt-water ocean (18) 
At centre of Jambu dvipa, there is meru 
; Mountain, 84,000 yojana above surface and 16000 
! yojana below surface (19). 


Beyond Jambüdvipa, there are two other 
dvipas surrounding it and surrounded by oceans 
i which are successively of double sizes. (20) 

i  , Outer most ring of puskara dvipa, has 
. &nasottara mountain in its centre in shape of a 
Pring on which chariot of sun moves. (21) 


i 
i 
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Outside these dvipas and oceans there is 
lokáloka mountain whose surface is golden. That 
is surrounded by spherical shell of brahmànda. (22) 


At 1 lakh yojana from earth, sun rotates, 
when it is far and oblique, we see its rising or 
setting. (23) 

Above sun, planets like moon, mangala etc. 
move. Dhruva is above all, exactly above meru. 
Successively above dhruva are lokas like mahah, 
jana, tapa etc. (24) 

Bauddha view : Nakáatras rotate around earth, 
hence base of earth is not located in any direction 
(otherwise it would have collided’ with nakSatras). 
Due to lack of a heavier base for earth, it is 
continuously falling down. (25) 


Jain view : According to jaina view, there are 
2 suns, 2 moons and 54 nakáatras in the sky. They 
rotate round 4 cornered pillar of meru and 
alternately enter and come out of water. Hence 
from meru, one of the two suns rises alternately. 
(26-27) 

Modern view : Sharp minded scholars of 
England tell that earth itself is elongated sphere 
and rotates round much bigger sun in elliptical 
orbits like other planets mangala etc. being attracted 
by sun (28-29) 

Thus one revolution of earth in east direction 
is completed in (365/15) days. Day and night are 
caused by earth’s rotation on its axis. (30) 

Thus due to two types of earth's motion - 
daily and annual - day - night and year are caused 
respectively. Due to annual rotation of earth, it is 
at different place each day. (31) 
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Due to earth's attraction towards its centre, 
people do not fall in any direction. As the persons 
in a moving boat think their boat as fixed and 
mountains moving, similarly on moving earth 
people feel earth as fixed and graha, nakSatras as 
moving. (32) When earth is in mesa beginning 
(from sun), sun is seen in tula beginning. Due to 
inclination of north south axis of rotation, sun has 
north or south kranti. (33) 


Planets in increasing order of distance from 
sun are budha, $ukra, earth, mangala, guru and 
$ani. Due to increasing distance, their speed 
becomes slower. They rotate around sun with their 
own speeds. (34) 


Small satellites revolve round planets and due 
to being attached with planets, they revolve round 
sun also. For example, moon is a satellite of earth 
in orbit round it. Along with earth, moon also 
rotates round sun. (35) 


As on earth, on other planets also seasons 
change due to difference in light and heat for 
different positions in orbit round sun. (36) 


On this assumpiton, planetary motions, 
eclipse etc. can be calculated from earth's position. 
Small objects move around bigger object due to its 
attraction, this is logical explaination of planetary 
Orbits. (37) 

Other old theories - According to other old 
theories (both in India and outside), earth is fixed 
In space and is surounded by the orbits of moon, 
mercury, venus, sun, mangala, jupiter and saturn. 
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Aryabhata I, stated that earth moves at its 
own place; i.e. rotates around its axis. Hence, 
persons living on earth rotating in east direction, 
feel that nakSatras are moving in west direction. 
(39) 

Notes : Purpose of stating these theories is 
to know as to which of the theories is correct and 
why ? 


Verses 40-45 : Other questions about earth 


(Student to his teacher) - Now you tell that 
sun rotates around earth alongwith planets in orbits 
round it. Moon also rotates round earth. (What is 
the correct position ?) (40) 


First you had stated that speeds of planets in 
yojanas is same. Now you tell that it is not equal. 
Why this new idea has come ! (41) 


There are many explainations about this 
creation by God, whch one is correct? What is the 
order of creation of planets? How earth was 
created? (42) 

Tell the size and base of earth. How many 
are the oceans, continents and mountains on earth? 
How many persons live on it? (43) 


Please tell the circumference, diameter, surface 
area and volume of earth. How the loka, graha 
and nakSatras are situated from earth one above 
the other? (44) 


How many living and inanimate beings live 
on surface of earth or below the suface ? Do similar 
creatures live on the surface of other planets like 
moon and mars also? (45) 
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Notes : These questions are similar to ques- 
tions in sürya siddhànta put by Maya to sun god, 
who taught sürya siddhanta. All siddhàntas assume 
that linear speeds of all planets in yojanas is same, 
difference in angular speed is only due to change 
in distance from earth. According to this theory, 
sun was at 13.4 times distance of moon, because 

* moon's rotation round earth is 13.4 times faster. 
But Candrasekhara revised the diameter of sun 
.about 11 times the accepted value, hence its 
.distance also was increased 11 times because 
‘ angular diameter is same. Hence, ratio of sun 
, distance to moon distance has become 150 : 1 
Í instead of 13 : 1 according to same linear speed. 

" However, linear speed of other planets have been 
assumed to be same as sun. From part following 

; of equal yojana speed theory, a doubt about its 
correctness has arisen. 


., Verses 46-48 : Revision of bhaganas 


' As the graha were not observed according to 
their kalpa bhagaņas stated in old siddhāntas, 
Aryabhata etc assumed other values of bhagaņas 

. Which gave correct observations. Bhaskara II etc 

again rejected them and determined their own 

values of bhaganas. But your bhaganas are again 
different from those of Bhaskara. It appears that 

_ bhaganas are not constant. Then what will be fate 

“of your values ? Wil it be revised by others 

liilikewise? 


Tum 


“Verses 49 : Guru years 


If 60 samvatsaras arise due to stay of mean 
guru in one rasi, then why its cycle doesn't start 
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with first year prabhava when mean guru enters 
mesa beginning. 
Verses 50-53 - True positions of planets 

How have you formed charts according to 
ahargana numbers? Why so much trouble is needed 
to find true palnets. Is this method for true planets 
applicable for earth only, or on other planets also? 
(50) 

Earlier ácáryas have stated 4 steps for finding 
sphuta (true) positions of tara grahas like mangala. 
But you have described extra steps for sphuta of 
budha, Sani and mangala. Why ? (51) 


Why ésighra and manda paridhi have been 
assumed ? Why they are unequal at the end of 
odd and even quadrants. (52) 


How manda kendra and $ighra kendra move? 
Why the bhujaphalas of manda and sighra become 
positive or negative? Why the gati phala of graha 
is positive for kendra in karka beginning or 
negative in makara beginning? (53) 


Verses 54-55 - Questions on kranti 


All siddhantas have assumed parama krdanti 
to be 24° Why have you assumed it to be. half a 
degree less (23-1/2°)? Why kranti is north or 
south?(53) 

Why duration of day and night increase or 
decrease ? All raSis are in ecliptic (kranti vrtta) 


only, still why their rising times on horizon 
differ?(54) 
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Verse 56 - Seasons 


Why sun rays are hard in summer and 
leasant in winter ? Why clouds pour more rain 
at the end of summer and not after other seasons? 


Verses 57-62 : Qestions on eclipses 


Why have you assumed diameter of sun 11 
times big compared to other acaryas ?. Why moon 
diameter has been assumed smaller ? How both 
the eclipses happen according to you ? (57) 


Why solar eclipse also doesn't occur (at all 
places) in its parva$andhi (new moon day) like 
lunar eclipse? Where the lambana of sun is more 
or less? (58) 


For parama grasa value of solar eclipse, 
lambana was done, then why Sara correction 
. also?(59) 

Please explain further about need of mad- 
. hyama lagna and vitribha lagna for calculating 
lambana and nati, why earlier acaryas have not 
stated about SarakSa correction ? (60) 


To know the observed tamomana at the 
beginning, middle and end of solar eclipse (i.e. 
spar$a, madhya and mokóéa) why have you 
assumed a $anku, which was not assumed by 
earlier acaryas ? (61) 

As in solar eclipse, why the grasa and $ara 
are not in same direction in lunar eclise also ? Why 
directions of valana correction are different in east 
Or west kapàla (of sky) ? (62) 


Verses 63-65 - Conjunction of planets 


What is the difference of orbits in yojana for 
the grahas which are seen together on earth ? (63) 
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In ayana drkkarma, when kadamba prota Sara 
is made dhruva prota by old method, it generally 
reduces. But according to your method why Sara 
increases after kranti correction ? (64-65) 


Verses 66-67 - Lights of stars - 


There are infinite number of stars in sky, still 
why the darkness doesn’t go in night as in day 
time ? (66) (This is called Olber’s paradox in modern 
astronomy). How far in yojana does the rays of 
sun reach ? How far the light of planets and star 
go ? (i.e. from how far can they be seen ?) (67) 


Verses 68-69 : Size of brahmànnda 


According to $ruti (veda), circumference of 
brahmanda is found by multiplying the savana dina 
numbers in a kalpa by daily speed of planets in 
yojana. But here, according to you, daily yojana 
speeds of planets is not same. Thus Sruti saying 
has been contradicted. Then how the circumference 
of brahmànda can be found according to you and 
what is its value? 


Notes : Basis of calculating the dimensions of 
brahmánda are two assumptions - (1) All planets 
move the total distance of circumference of 
brahmànda in a kalpa, and (2) Linear speeds of 
planets are same. Assumption (2) follows from first, 
as 

Circumference of brahmanda 

= Linear speed X savana dina in a kalpa 


Since sávana dina and circumference are fixed; 
linear speeds of all planets are same. 


This assumption is similar to observation on 
quantum mechanics that very fast particles have 
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very small life period (rather half life), hence they 
travel almost the same distance during their life as 
'we travel in our life, proportionate to our size. 
Approximately this holds correct, but time period 
and dimension are not in direct linear proportion. 

This principle has been rejected in siddhanta 
darpana as moon's linear speed has been assumed 
11 times that of sun. Then what can be the basis 
of calculating the dimensions of brahmaànda ? 


‘Verse 70 : Rising at meru 


You have asked to calculate rising and settings 
of graha and nakSatras by both drkkarmas - àyana 
and aka. Will it be done in same manner in meru 
region also ? Please tell. 


Verses 71-73 : Observing sun and moon 


Devas drink rays of moon. Whether this 
statement of purànas in true or false according to 
you? (71) 

Why lunar horn always appears elevated 
towards north as.seen in India - whatever may be 
direction of moon, in east or west? (72) 

Moon and sun are far from each other. Still, 
how their aspects are combined in mahapata 

. (vaidhrti and vyatipata)? (73) 


Verses 74-78 - Measures of time 


Do the lokas like mahah, tapa also move with 
Ppravaha wind? What is the order of owners of day, 
month, year? (74) 

Day and night happen due to rising and 
setting of sun, hence a day night of 60 danda is 
understood. But days of pitara equal to a lunar 

n month, 1 day of gods in a solar year and day 
j,hight of brahmà in 2000 mahàyugas is not 
j understood. Please explain. (75) 
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How may types are of pralaya ? What are the 
types of years ? What is the type of time measuring 
instruments ? How the rasi, degrees and kala etc 
of graha and nakSatras in the sky is observed 
according to you? (76) 

How six seasons occur on earth? Are the 
durations for solar, lunar, savana years etc. same? 
What is the benefit to world from graha bhagana 
or nakSatras ? Critiques of vedas tell that in vedas 
earth has been called ‘jagat’ i.e. with gati (motion) 
- thus vedas assume that earth is moving. Can you 
reply to that opposition to vedas (assuming that 
vedas presume fixed earth) ? Why there is spot 
on moon ? Can the persons get emancipation 
(mok$a) without samadhi which is obtained by 
persons engrossed in brahma ? (77-78) 


Verses 79 : Easy methods 


Please tell the methods by which people can 
easily calculate the tithis, nakSatras etc. of pancanga 
for past or present. After hearing answers to all 
these querries, my doubts will be removed. 


Verses 80-81 - Prayer and end 


May god visnu (Jagannatha) remove our fear, 
who has lotus in his navel, who is decorated with 
garland of lotus, who has special affection for 
brahma evolved from lotus of his navel, and by 
whose dar$ana (seeing) alone elephant was rescued 
from king of water (crocodile) (80) 


Thus ends the sixteenth chapter describing 
questions in siddhànta darpana written as a text 
book and calculations confirmed with observations 
by Sri Candra$ekhara, born in famous royal family 
of Orissa. 


Chapter - 17 
LOCATION OF EARTH 


Bhügola Sthiti Varnana 


Verses 1-2 - Scope - 

As an excuse to answer the questions raised 
by a good student, I attempt here answer to all 
in sanskrit through a discussion of the essence of 
scriptures. 

Now I establish the lack of movement of earth: 
and movement of sun and other planets and form 
of celestial spehre and spherical objects by three 
methods of proof - pratyakóa (direct), $abda 
(quotation) and anumaàna (indication). : 

Notes : Purpose of this chapter is to describe 
location of earth in solar system. According to 
author, earth is fixed and the planets and sun 
move around it. Then, size of earth sphere and 
other planets are to be told. According to nyàya 
(logic) daréana, proofs (pramàna) are of three kinds- 

(1) Pratyakáa - direct method or observation 

(2) Sabda - By accepting the authorities of 
vedic assertions (3) Anumàna - Induction due to 
relation of cause and effect. To prove one's. point 


through these methods is called vyavastha (estab- 
lishment). 


Verses 3-12 : Support for earth 


Centre of orbits of tara grahas budha, $ukra, 
Mangala guru and Sani is sun, but it is not sphuta 
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sun (actual position of sun) it is madhyama sun 
(its fictitious position with mean speed). Earth is 
at centre of orbit of this madhyama sürya. 
Madhyama sürya sometimes comes near to earth 
or goes far. At the centre of sky, earth is fixed 
with its own force. It is surrounded by orbits of 
sphuta sun, nakSatras and moon. (3) 

(Siddhànta $iromani) - Earth is filled with 
mountains, orchards, villages, brick structures, 
domes etc everywhere, in same manner as pollen 
grains fill the flower of kadamba. (4) 

This is my siddhànta (view) that earth is 
without any other base in centre of space, 
surrounded by orbits of sun, planets and 
nakSatra, and earth and all planets are spherical. 
I will prove this view by replying to questions 
of persons with different views. (5) 

(Sürya siddhànta) Earth is situated in the 
middle of sky being fixed from all sides. Since it 
holds itself by holding power given by Brahma, it 
is called dhàrini (i.e. holder). (6) 

(Siddhànta Siromani) - If we assume somebody 
else as holder of earth, then a third will have to 
hold the holder, then third will be held by fourth 
and so on. At last we have to assume some abstract 
force only as final holder. To remove this defect 
in logic, there is no harm in considering the abstract 
force as holder of earth in beginning itself. Is the 
earth not a form of god of eight forms? (7) 

The incarnations of god like Kürma had held 


the earth. That means that they held only a portion 
of earth, not the whole earth. (8) 
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Mountains also hold only a part of earth, 
hence they are called "bhüdhara' (i.e. holder of 
earth). Similar was the holding of earth by 
incarnations such as Kürma, due to which they 
are called bhüsthàyi etc. (9) 


When king of serpents (sesanaga) is tired of 
holding earth on his head, he takes rest by bowing 
his head, which causes earth quake. This sentence 
also doesn't mean holding of the whole earth, but 
.only a part of it. (10) 

If Sesanaga holds only a part of earth, then 

: why earthquakes occur in every part of earth ? Its 
,explaination is that the whole body shakes when 
;any limb of the body has vibration. Similarly, if 
;any part of earth shakes, the vibration spreads to 
- other parts also. (11) 

Any matter is small part of earth only, hence 
; earth attracts every matter. When it falls on earth, 
rit gets a support and does not fall further. But 
“there is no attractor of earth in any particular 
, direction, so there is no reason for earth to go in 
any direction. (12) 

Notes : Within solar system, earth and all 
; other planets are held by sun due to its force of 
tattraction. The planets are in their fixed elliptical 
: Orbits because they are balanced by two forces - 
y force of attraction towards sun (centripetal force) 
, and force due to circular motion (centrifugal force) 
[ away from sun. 

It is doubtful if vedas claims that earth was 
fixed. It was merely a convenient assumption, 
because geocentric calculations are done by assum- 
xing earth as centre of coordinate system of celestial 


772 Siddhanta Darpana 


sphere. Assumption of earth as centre is merely 
for calculation of events as seen from earth. It 
doesn't mean that earth is fixed and is centre of 
sky. 

Yajurveda Taittirlya samhita (3-4-11) tells - 

fiat eren gfirdt qaum 

(The sun supports the heaven and the earth) 

Same views are expressed in Rk veda (1-164- 
14) 

Sun is supporter of all world. 

Cause of earthquakes, in siddhanta tattwa 
viveka (madhyamadhikara (206b-7a) - 

Earth's crust is hard and rocky where, 
however, a fissure occurs due to lack of strength, 
gases emerge forcibly causing the earth to quake, 
when there would also be a terific noise. 


It is a philosophical question - what is the 
ultifnate support of universe? Attraction of sun 
holds the planets of solar system. Sun itself moves 
round the galactic centre (chapter on conjunction 
of stars) Galaxies float in universe randomly like 
particles of gas (theory of Sir J.H. Jeans). This is 
universally accepted, with minor effects between 
galaxies of a clusture. About the ultimate infinity 
we don't know. Mach's theory, incorporated in 
steady state theory of universe is that the gravita- 
tional attraction between matter bodies is result of 
presence of matter spreading to infinity. The 
mutual attraction among galaxies is balanced by 
expansion of universe - each galaxy is moving away 
from the other. Whether this attractions will be 
able to halt the expension and reverse it, needs a 
minimum density of matter. We are doubtful 
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whether present density exceeds this critical value 

or not - hence both outcomes are possible. Universe 

may expand for ever, with or without creation of 
" matter to fill up the gap. It may start callapsing, . 
‘after its expansion has ceased - oscillating universe. 
' Most popular view is that expansion of universe 
i started with a big bang about 10-15 billian years 
t ago - from a nucleus, which we may name 

'Brahmánda' or cosmic egg as the term used in 
i Vedas For further discussion books on cosmology 
may be referred - (1) An intelligent man's guide 
Er to science - I saac Assimov (2) Cosmology or (3) 
«structure of Universe by Narlikara or (4) History 
bof time by Stephen Hawkins. 


| vene 13-32 : Earth as a large spehre 


i/ ^ (Brahma sphuta siddhànta) - Size of earth is 
oe crore yojanas. If the kings having pride over 
eir small kingdoms understand this, they will 
“develop detechment from world. Devotees assume 
;&ll things in small objects while worshipping a 
i; pitha (a small board or stone). For example small 
stones are assumed as god, rivers of India in a 
iandful of water or ocean in a water pot. Hence 
iámagining such a big earth also is not difficult or 
"useless. (13-14) 
Gross and very large size of earth has been 
Ewell admitted by all, as we have assumed 
E brahm-nda (space) in a body (same rules of physics 
ipply at small or large scale), Sakti (energy or 
Energy form of god as a female) in our 
ssuming ātmā (self) as part of 
At place of pujà also assumption of mandüka 
) etc is also as per a prescribed order. By 
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sphere. Assumption of earth as centre is merely 
for calculation of events as seen from earth. It 
doesn't mean that earth is fixed and is centre of 
sky. 

Yajurveda Taittiriya sarnhità (3-4-11) tells - 

fart aram gfirdt qaem 

(The sun supports the heaven and the earth) 


Same views are expressed in Rk veda (1-164- 
14) 


Sun is supporter of all world. 


Cause of earthquakes, in siddhànta tattwa 
viveka (madhyamadhikara (206b-7a) - 

Earth's crust is hard and rocky where, 
however, a fissure occurs due to lack of strength, 
gases emerge forcibly causing the earth to quake, 
when there would also be a terific noise. 


It is a philosophical question - what is the 
ultimate support of universe? Attraction of sun 
holds the planets of solar system. Sun itself moves 
round the galactic centre (chapter on conjunction 
of stars). Galaxies float in universe randomly like 
particles of gas (theory of Sir J.H. Jeans). This is 
universally accepted, with minor effects between 
galaxies of a clusture. About the ultimate infinity 
we don't know. Mach's theory, incorporated in 
steady state theory of universe is that the gravita- 
tional attraction between matter bodies is result of 
presence of matter spreading to infinity. The 
mutual attraction among galaxies is balanced by 
expansion of universe - each galaxy is moving away 
from the other. Whether this attractions will be 
able to halt the expension and reverse it, needs a 
minimum density of matter. We are doubtful 
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be stated about spherical shape and circumference 
of earth? (22) - Quotation ends. 


If earth is plane instead of round, then speed 
of sun at far end in east will appear very slow as 
in case of a cloud. But there is no difference in 
motion of sun in east direction or in mid day. In 
all directions, speed of sun is uniform like motion 
of a golden bowl in water (used for measuring 
time - which water takes to fill the bowl through 
a hole). Thus it is concluded that earth is not plane 
but spherical (23-24). 


When a ship is approaching sea coast, first 
its top portion, then middle portion and at last 
the whole ship (above water) is seen. If earth is 
not spherical, plane surface of water wil not 
obstruct the vision like this. At the time of lunar 
eclipse also, shadow of earth covering moon at any 
.time is circular. Circular shadow at all times, proves 
that earth is spherical (25-26) 


If earth is plane, not spherical, then sun 
,would have risen at same time at all places from 
,east to west. There is time difference between 
sunrise at places east-west to each other, which 
proves spherical shape of earth. Increase or 
, decrease of phases of moon also is in circular shape 
, Whch proves that moon also is spherical. On the 
„basis of Sastra and observation, ancient acaryas 
.have stated sun, nakSatras and all planets as 
; Spherical. (When all bodies in universe are spheri- 
“cal, earth also should be spherical - inductive 
inference) (27). 
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Many call the earth as ‘Ananta’ which is not 
incorrect. Since earth is round, if we move in any 
direction, we will keep on going round and round 
without end till parardha. (28) 


Earlier acaryas have stated the location of 
moon over sun and planets over nakSatra. This is 
when observed from heaven side, not according to 
revolving bodies. (29) 

Lord Krsna had shown world vision to Arjuna 
in KurukSetra, to Markandeya in water of deluge, 
and to king Dhrtarastra in his royal court. That 
spherical world is different from our earth. That 
vision and our earth are not same. (30-31) 


Hence, we are not concerned with the earth, 
mountains, oceans, sun and nakáatra etc which are 
described in puranas. Earth described in ganita 
jyotisa is different from that. (32) 

Notes : Spherical shape of earth is well proved 
and needs no further discussion. 

Reason of spherical surface of all planets and 
stars is that it is the equilibrium surface under a 
central gravitational field, hence liquid water of 
Ocean maintains a spherical surface. Any deviation 
from that surface will cause a change in gravita- 
tional potential and there will be a force against 
that change to take it back to spherical shape. 


Due to rotation of all planets and sun 
(probably all other stars) also around their axis, 
they are elongated at the equator. Gaseous planets 
are flattened at axis more, they also rotate faster. 
Since gaseous molecules have more internal motion, 
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they get move angular momenturm due to gravita- 
tional collapse. 


This causes correction in akéámáa, which has 
already been formulated in appendix to 
triprasnadhikara while calculating palallax. 


Verses 33-38 : Critism of Bauddha view 
(Siddhànta $iromani quotation continues) O 
followers of Buddha! Your intellect is really dull. 
You clearly see that every bady thrown upwards, 
falls back on earth. Even then, how do you assume 
that earth is continuously falling down ? (33) 


(Notes - There is no up or down for earth, 
hence falling down of earth has no meaning. If 
earth also falls, then the falling object moving in 
same direction will not reach earth, assuming that 
speeds of both are same). 


You see the polar fish (star group containing 
north pole star) as centre of daily revolutions of 
nakSatra, sun and moon around it. Stil you 
thoughtlessly tell that there are two suns, two 
moons and two set of 27 nak$atras. You are really 
worthless. (Quotation ends). (34) 

There is a star group in north sky in shape 
of a fish, called polar fish. In mouth of this there 
is pole star and a smaller star is in tail. The 
dhruvaprota through this smaller star in tail meets 
the ecliptic at 19° from visakha. Between mouth 
and tail star there are many stars in two rows. 
This tail star joins west horizon at sunset time 
while remaining in visakha nakSatra. At mid night, 
this is below pole star i.e. in south north circle 
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(meridian). Again at sunrise time it joins the east 
horizon. It is clear from that, that there is only 
one sun. Even then, O Buddhist brothers, how do 
you imagine two suns ? (35-38) 

Notes : (1) Pofar fish - This group is called 
ursa minor in modern astronomy as it has same 
shape as ursa major (saptarsi mandala) but has 
smaller size. 

In Dhruva bhramanakhyatika, the polar fish 
is described as follows - 


Around that one sees a constellation of stars 
consisting of twelve stars and looking like a fish. 
It is named as the polar fish. From a distance, one 
sees a pair of bright stars, one at its mouth and 
the other at its tail. Star at the mouth is 3 degrees 
from pole and the star at tail in 9° away. 

The Persian scholar Al - Biruni says 

The Hindus tell it $akvara and $i$umara also 
Si$umàra is a great lizard, as it is called susmara 
in Persia. There is a similar aquatic species like a 
crocodile. 

Diurnal rotation of polar fish has been used 
to refute the Jain theory of two suns and two 
:moons rising alternately, by Brahmagupta, Lalla 
and Bhaskara II. It is not known as to why Bhàskara 
ascribed it to Buddhists. 


(2) Concept of two suns, moons etc. - The 
gatha in Jaina text Surya prajnapti lists daily 
observations of sun at the time of rising and setting, 
for the purpose of calculating mean tropical year. 
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Position of two suns daily was noted (for sun set 
and sun rise). 
32' 32 


Vl " 
e 


Figure 1 (a) . Figure 1 (b) 


Hence two suns were thought wrongly. 
Average north south motion of sun is about 16' 
per day (24 X, 2° in 180° uttarayana or 


, dakéinàyana). Hence if the rotation of sun of 32’ 
: diameter sun forms a mandala (circular strip) then 
£ sun covers half a mandala each day as shown in 


f. 
* 


tB. 


_ figure 1 (a). 

Due to two observations of sun each day, two 
suns were thought and Malayagiri wrongly inter- 
prated half mandala as half circular strips of 


- diameter width as in figure 1 (b). Thus one sun 


an ERU JH. 


E moves in upper mandala ABC one day, next day 
i. it moves in lower mandala A'B'C'. Then after two 
i days, it will go to next mandala on upper side. 


Another reason of such interpretation is 


1 system of calculation of obliquity of earth's axis 


and declination of planets also on a flat surface. 
; It is similar to projection of earth's map on a plane 
' paper. Then Jambü dvipa was the first concentric 
. Circle from north pole to line of maximum north 
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kranti of sun. Next concentric circles will have 
much larger areas on plane projection. That will 
be explained while explaining dimensions of mount 
meru. However, a separate map will have to be 
prepared for south hemisphere, resulting in 
another sets of sun, moon and stars. 


It may be noted that increasing sizes of 
concentric circles are due to projection on plane. 
Radius of Jambudvipa is 50,000 yojana and height 
of meru is 1 lakh yojana out of which 1000 is 
below surface. That gives attitude of pole star meru 
from 24°N, which is periphery of Jamba dvipa. 
According to this system area of Jambüdvipa will 
be about 75 crore (yojanas) out of which polar 
area is to be reduced to make it about 50 crore 
(yojanaf. This is the value stated in verse 13 of 
this chapter. 


Verses 39-78 Arguments against motion of earth- 


If your intellect is sharp, and according to 
you, Sun is fixed and earth is moving, then you 
will be contradicted by your own theory and will 
be defeated in the logic. Hence, stop your illogical 
: talks and listen to me. (39) 


Everybody in this world sees earth without 
any movement, hence fixed earth is directly proved 
by observation (pratyakéa pramàna). Similarly mo- 
tion of sun also is seen clearly. Hence, what is the 
use of assuming sun as fixed and earth as moving 
.? (40) 

(1) First logic for earth motion - A person 
sitting in a boat moving in current of the river, 
sees the trees on river bank moving opposite to 
motion of boat. He also sees that an object thrown 
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upwards, comes back to him, as if boat is fixed. 
Similarly, from moving earth, we see both events. 
Due to motion of earth, fixed stars and sun etc 
appear moving in opposite direction. From earth 
also any object thrown upwards comes back. If 
this is the logic for thinking motion of earth, then 
listen to refutation. (41) 

Refutations - If wind is blowing from east and 
if a person keeps a silk flag on a pole, will the 
flag always be towards west ? Does the motion of 
wind happen only from east towards west, due to 

. eastward rotation of earth on its axis) ? (42) 

(2) Establishing fixed earth - According to 
.jyotisa, pravaha wind moves the nakéatras one 
round daily from east to west. If you refute that 
the planets cannot move to east compared to 
nakéatras, then listen to the answer. On earth also 
clouds and birds can move east-wards even when 
wind is towards west. Similarly the stars are rotated 
towards west, but planets can move eastwards due 
to their own power. (43) 


(3) Sabda pramána for fixed earth - Ancient 
acaryas and knowers of veda have told the earth 
as fixed. If you don't accept this, how you can be 
inclined towards pious work ? (44) 


You may tell that world is called ‘Jagat’ 
meaning always moving. But it has other explaina- 
tions also. World including heavens, living world, 
lower words, is destroyed in 4 types of pralaya 
(deluge or destruction). In that sense only, ear 
is called ‘jagat’, meaning that it will be gone or 
destroyed. (45) 
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If you interprate the other meaning only, then 
please tell - why earth was called ‘acala’ and 
‘sthira’? (Both mean fixed). In addition, it holds 
everything, hence it is called ‘dhara’ also. (46) 


(4) Logical inference for fixed earth - 


If you do not accept. the vedic statement as 
truth or standard, only due to your argumentative 
nature, then I am stating logical proof also to prove 
the opinion of sürya siddhanta or Bhaskara II. (47) 


(1) Your assertion is that under attraction of 
sun the planets like budha move in their orbits in 
addition to moving on their axis. Similarly, earth 
also moves on its axis and in its orbit round sun. 
(48) 

You also say that a body moves only under 
action of force and there are two types of force 
(on heavenly bodies) - Forces of attraction towards 
centre (centripetal force) and force of repulsion 
away from centre (centrifugal force due to circular 
motion). (49) 

In that case both the forces should be in earth 
also, because earth must have been created first, 
due to abundance of atoms in it. But we do not 
see the repulsion force of earth. Similarly, no other 
object on earth moves on its axis on its own. (50). 
We have not seen a stone rotating on its axis even 
for a moment, when it is thrown upwards. But on 
plane surface, a round object like wheel is seen 
rolling. (51) 

(Forces towards centre and opposite) - A 
round body is rotated by tying it with rope, 
exerting force by hand. When it is separated from 
rope, then it moves away, and only force on it is 
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attraction towards centre of earth. Thus we see 
only two forces - repulsion by hand, and attraction 
by earth. We do not see its rotation on axis or 
forces of attraction and repulsion both in hand. 
(52) 

(Axial motion) Similarly, if earth is moving 
due to forces of attraction and repulsion by sun 
on its centre, then motion of earth should always 
be in the direction of sun. Then there should 
always be light on one side of earth and darkness 
on the other side. (53) If earth rotates round sun 
in this manner, then the region on equator where 
there is day, there would have been no night and 
at night places, there would have been no day. 
(54) 

(2) You may argue that axial rotation of earth 
is like rolling of a round object like wheel on plane 
surface. But this statement also is contradicted with 
your own theories. (55) 


In rolling motion, earth will move equal to 
its circumference in one day, only then the same 
place will face sun again after one day. But 
circumference of earth is (12,000) kosa (- 40,000 
kms approx.) (56) But according to your view, daily 
motion of earth in east direction is (8,00,000) kosa. 
How can it move so much compared to circum- 
ference. 


Again this motion in east is in plane of 
equator, how motion of earth can be in the plane 
of ecliptic ? (57) How a person going in i$àna kona 
(north east) can move towards east? (58) 

(3) You may assume the side motion (rotation 
on axis) of earth like a cancer, then these are 
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different types of logic - one is nisarga (natural) 
and other is upadhi (artificial). (59) 

According to you, earth’s motion around sufi 
is not natural, it is only due to attraction of sun. 
But cancer moves*on its own, not due to any force 
of attraction. Hence this comparison is not proper. 

(4) Similarly it cannot be accepted that motion 
of earth is not in the plane of kranti. (60) When 
moon is in plane of equator, its spots are seen in 
south east direction ‘for south ayana, and in north 
east direction in north ayana. (61) If motion of 
earth is in equator plane, like motion of planets, 
then spots of moon would have been in the 
direction of ayana (north or south). (62) 


(5) Moon doesn’t leave ecliptic, even when it 
has north Sara in south kranti or south ara in 
north kranti. But earth has no Sara, how can it 
leave ecliptic, by moving in equator plane? (63) 

Further logic against axial rotation in dif- 
ferent direction - (1) When rotating nut fruit in 
thrown towards sky, wheel is rolled on surface or 
in air, or rolling the ball during play - in all cases 
rotation around axis is always in the direction of 
motion. But rotation of earth is in direction of 
equator. How can it move in the direction of ecliptic 
? (64) 

Moon moves in its orbit (vimandala) oblique 
to the ecliptic and also rotates on its axis. If earth 
also similarly rotates along equator but moves along 
ecliptic, then we could have seen hills or trees in 
east, moving in angle direction - as we: see rising 
of nakéatras in different directions. (65) 
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(2) You may interprate my saying that if with 
equator motion, the ecliptic motion of earth is in 
direction of sun, then due to elongation of ecliptic 
(ellipse shape), kranti gati (north south direction) 
will be straight like a chord, not curved like an 
arc. My answer is that sàyana sun should appear 
smaller in karka and makara beginning (due to 
distant part of eclipse) and should be bigger in 

‘mesa or tulà beginning..But it is not so. (66) 


Similarly, orbit of moon should be straight 
and’ its spot should be seen always in same 
direction. But it is seen in different directions from. 
earth. (Hence earth does not move). (67) 


(3) You may say. that motion of earth is in 
direction of ecliptic, inspite of attraction towards 
sun due to god’s desire. Then I will say, that same 
god may desire, that earth should remain fixed, it 
should not move. (68) 


Force of attraction : You may tell that sun 
attracts due to its big size. But force of attraction 
should be in earth also (69). A small fixed iron 
magnet also attracts bigger mass of iron. This 
‘proves that reason of attractive force is not the big 
size, but its natural power. (70) 


Even after so much explaination, if you say 


i that only a big object can pull a smaller object, 
' and not vice versa, then I will say that it is possible 


y 


+ only for an independent body. But objects, small 


y 


t Or big do not have their independent force, their 
j attractive force depends upon will of god. (71) 


In a pond, big boats also revolve round a 


* Small pillar to which they are tied. Very big sun 
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along with planets revolves round the small earth, 
according to desire of god, for welfare of the world. 
(72) 

Axial rotatign of different planets : (1) You 
say that sun and all other planets rotate on their 
axis, so earth also must rotate on its axis. This 
doesn’t contradict the fact that earth is fixed’ 
Whether one moves or the other is fixed - depends 
on their nature. It is not necessary that all should 
act in same manner. 


(2) You have seen the axial rotation of planets 
with talescopes. Why you couldn’t see any axial 
rotation in moon also, which is nearest ? (That 
contradicts your statement, that all planets should 
move on their axis also). (73) 


(3) You may say that satellites don’t move on 
their axis like bigger planets. But I say that the 
satellites like moon have same relation with planets 
like earth, which the planets are having with sun 
(in both cases smaller objects are in orbit round 
the bigger object). Like planets, the satellites also 
receive heat and light from sun, why they are not 
similar in motion also ? (74) 


Notes : Actually moon also rotates on its axis, 
but due to a strange coincidence its speed of axial 
rotation is exactly same as the speed of revolution 
round earth. Hence we see the same side of moon 
always. If moon was without axial rotation, 
different points on its surface would have faced 
earth due to its revolution. 


(4) Earth is very close to sun and completes 
revolution of sun in 365 days and axial rotation in 
60 danda (24 hours) Jupiter is farther from sun 
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and hence it takes 12 years for one rotation round 
sun. But it is very big compared to earth, still it 
completes axial rotation in only 25 dandas (10 
hours), i.e. less than half the time for earth. Form 
this, it seems there is no rule for these things, 
god's desire is the only cause. (75) 


If it is stated that bigger planets have faster 
rotation on axis, then axial rotation of sun should 
have been in less than 25 dandas time for jupiter. 
But it takes 25 days, though it is much larger than 
jupiter. (76) 

Notes : (1) Mass and period of rotation on 
axis - All planets and their satellites rotate. The 
rotation of planets confirms to a certain regularity 
- the more the mass of the planet, the faster it 
rotates. There are some exceptions, due to special 
reasons, but in general the rule appears to be true. 


According to modern concepts, the sun and 
planets had formed out of a rotating nebula 
composed of gas and solid dust particles. The 
particles collided and joined .into larger bodies, 
thereby forming embryos of the sun and planets. 
The largest number of collision were at the centre 
of mass of the system, where almost all the gas 
of the nebula had been attracted. So the sun was 
formed. But almost all the initial moment of 
‘Momentum of the nebula appeared to be con- 
centrated not in the sun, but in planets. After the 
,Sun was ignited, its radiation dispersed the light 
gases from immediate surroundings to peripheral 
Areas to form three giant planets. Planets of the 
¡terrestrial gorup turned out to be composed of 
Solid particles. 
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The matter of the rotating nebula being 
compressed into dense spheres, the velocity of 
rotation increases due to principle of conservation 
of moment of momentum (i.e. angular momentum). 
Thus the giant planets have a higher velocity of 
rotation than that of. smaller planets. 


It can be assumed that in beginning, the 
rotation periods were faster according to bigger 
mass, but some planets deccelarated their rotation 
due to different reasons. About neptune, our 
knowledge is not sufficient. But pluto appears to 
have been its satellite in the beginning. Then 
neptune has partially lost its moment of rotation, 
after pluto has broken away. 


(2) Resonance in rotation of moon, venus and 
mereury - The earth is braked by its satellite, the 
moon. The nearer and farther points of earth from 
‘moon, are attracted more and less by moon. Hence 
they are raised from the surface of earth. The hump 
of water in oceans causes tide. Since rotation 
velocity of earth is more than ‘speed of moon’s 
revolution round earth, the tidal humps drag the 
earth rotaiton. The humps appear not on straight 
line from earth to moon, they are turned in the 
direction of earth’s motion by about 2°. This causes 
decrease in earth’s angular velocity by 2 X 10 of 
its magnitude per year. Consequently the length 
of day increases each year by 2 X 10° seconds. 
Loss in angular momentum of earth is compensated 
by increase in distance of moon by 3 cms per year. 

When the evolution of solar system had just 
started, the decceleration of rotation of earth - 
moon system was reciprocal. As moon applied 
brake on earth’s rotation, earth also applied brake 
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on fast rotation of moon. As a result of this the 
moon is facing the earth always by one side - its 
sidereal perod of rotation P = moon's revolution 
period round earth T - 27.322 days. This is called 
resonance, when ratio of oscillation periods is 
integer, here it is 1. This resonance condition was 
achieved quickly because moon was closer to earth 
in past. The centre of mass of moon is 2-3 Kms. 
| from its geometrical centre towards earth. This was 
when moon was 5-6 times closer to earth some 
billions of years ago. Since then powerful tidal 
forces have turned moon to face one side forever. 


Abnormally slow rotation of venus and mer- 
cury is explained by the hypothesis that they 
revolved round sun together (like earth and moon) 
in one orbit. Then their rotations were in resonance 
with each other. But now mercury's rotation is in 

resonance with its revolution round sun, and venus 
rotation is in resonance with earth's revolution 
round sun. 


Orbit of mercury has high eccentricity, hence 
its speed at perihelion is 1.52 times higher than at 
appelion. Its period of revolution T = 88 days on 
earth. 


| 2T 
Period of rotation P = gR 58.7 days 


Hence the solar day on mercury Po is given 


1 
P-p T 2T 
2 T = 176 days 
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Thus mercury’s solar day is three times longer 
than its sidereal day and twice longer than its 
period of revolution. In perihelion, its one side or 
its opposite side only faces, in aphelion the points 
perpendicular to it only face. 


For venus, the axis of rotation is almost 
perpendicular to the plane of its orbit, but the 
direction of its rotation is reverse. Hence its period 
of rotation P = - 243.16 days. Its period of rotation 
P is related to its revolution period T and earth’s 
period of revolution To = 1 year accuretely by the 
following formula. 


1 po 


Period of conjunction of earth and venus Tc 
is 
Soles assed 
“Tk T| c= 7 T^ 583.92 days 
In this period, an observer on venus will see 
5 rises of sun and 4 rises of earth, as 
Tc 


5 


1 
- -——v = 116.8 days (one solar day 


EE 
r P 
on venus) l 


-3] = 146.0 days (one 'earth' 


rise day on sr] 


D 
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Thus, at time of conjunction, when venus is 
nearest to earth, it always faces us with one and 
same section of the surface. 


Explanation by natural qualities : As the 
natural quality of sun and fire is heat, moon has 
coldness, water is fluid, rock is hard and wind is 
motion, similarly natural quality of earth is its 
remaining fixed. The different natures and abilities 
of objects is strange, it has no explaination. (77) 


Even small qualitity of soil sinks in water, but 
big ship of wood floats. Similarly in wind 
(pravaha), small sized earth also sinks (i.e. is fixed) 
and sun etc of bigger size are floating (moving), 
because they are lighter (78). 

Notes : Floating is due to specific grevity being 
less than water. Even a ship of iron, heavier than 
water will float if it is made hollow and flat shaped, 
so that it displaces more water than its volume 
which is equal to its weight. 

Neither earth, nor planets float or sink in 
pravaha, which is very light (solar atmosphere). 
Even the concept of ether was as a lightest object. 


Thus the aguments are highly erroneous, due to 


incomplete understanding of 'pravaha' or modern 
theories. 

Verses 79-93 : Planetry motions from fixed 
earth - What is the time when bhagana (revolutions 


t of the grahas had started according to you, 


(supporter of modern astronomy) or its time is not 
specifically known ? According to me (author) it 
had started just after creation was completed. Do 
you agree ? (79) 
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Whatever may be your, opinion, the daily 
motion of a planet comes out to be same, whether 
calculated according to your period of revolutions 
or my values of number of revolutions in a kalpa. 
Hence this dispute is immaterial for calculation. 
(80) 

If sun is the centre of all planetary orbits, 
then as viewed from earth, the sphuta sun will be 
(1) mean position for budha and $ukra and (2) 
$ighrocca for mangala, guru and Sani. If from the 
observed $ighra and mandaparidhis, we find the 
true planets from spasta sun (instead of mean sun) 
then we observe some errors. When true sun is 
in kanyà or mina, then the positions of mangala 
and $ukra near their ucca (aphelion - farthest point) 
differs from the true values by 52 kala and 54 kala 
respectively. Again when they are closest to earth, 
the error is 262 and 334 kalàs for mangala and 
$ükra. Similarly other planets also will give errors 
if we assume true sun as their centre instead of 
mean sun as correct centre. (81-85) 


Thus sphuta sun cannot be considered mean 
position for budha and $ukra or $ighrocca for 
mangala, guru and $ani. However, the persons 
who say that we are getting corf -t postions of 
planets by assuming true sun at centre, - are not 
giving correct logic. When a palm fruit (strongly 
bound to tree) drops just after a crow sits on tree, 
we cannot say that fruits was plucked by force of 
crow, which is much less than required force. Thus 
mere coincidence doesn't make a proof in support 
of heliocentric theory. (86-87) 


By assuming mean sun as centre of planetary 
orbits, we have been calculating true planets 
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correctly since long. (88) Hence, the planets are 
not attracted by sphuta sun at the centre of orbit. 
Rather they rotate on their own being attracted by 
their gods at ucca like moon. This appears more 
reasonable (89). (This is again palm fruit - crow 
logic criticised above). 


In cakrardha, mandaphala of $ukra is very 
little and for mangala, parocca and mandocca also 
are same. Hence they can be found according to 
your theory (heliocentric) also. (90) 


Different planes for orbits - The planets 
starting with budha are rotating on their axis 
perpendicular to ecliptic plane and are revolving 
under attraction of sun. Hence there orbits should 
be in ecliptic plane only (which is not so). (91) 


Earth moves under attraction of same sun, 
and under earth attraction, moon moves. In such 
a condition moon also is forced to move in the 
direction of axial rotation. It cannot move in a 
different plane (inclined at 5°). (92) 


Again, rotation and revolution of earth being 
in same plane of ecliptic, dhruva will be qn 
perpendicular side from sun's direction on equinox 
day. Then how, spasta krànti of moon can occur 
without attraction of ecliptic motion. From all these, 
fixed earth is well proved. (93) 


Notes : (1) Due to concept of relative motion, 
it is possible to assume any body fixed, and to 
calculate relative motion of other bodies. In 
heliocentric theory also, we have to calculate 
geocentric positions to know the planets as seen 
from earth, because they are seen from earth only. 
Hence, method of calculation doesn’t prove which 
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body is fixed or moving. This way both theories 
are correct. 

However, considering sun as centre, calcula- 
tions are simpler for heliocentric position. More 
important is that we can formulate theories of 
planetary motion (Introduction to chapter 5). 

(2) Even in Indian methods, finding manda 
sphuta graha before $ighra phala calculation is for 
finding heliocentric position only. If mean sun only 
is the true centre of orbits, then sighraphala could 
be calculated only in one step like mandaphalas of 
moon and sun. Hence, the four step calculation 
and approximation in the first two steps is due to 
assumpiton of heliocentric orbits. (Explained in 
chapter 5) 


Verses 94-101 - Sara of planets 

Planets are located above or below, south or 
north due to their mandocca, $ighrocca and pata. 
' The circles showing this motion are not real paths 
of the planets. (4) 


They are unseen lines of circle. In this orbit 
only the planets have $ara (at the end of which 
they are situated, not on the circle of orbits). As 
the western scientists assume the sun attraction to 
be reason of motion, we assume the gods of 
$ighrocca and mandocca having attraction power, 
and god at pata having repulsion (vik$epa) power. 
(95) 

If earth also is considered like other planets, 
then why guru, much bigger than earth goes far 
in north or south of its orbit due to pata ? (96) 


E 


B 
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Like venus, earth also is near sun (compared 
to Jupiter), why earth is not having viksepa like 
venus ? If motion of Sara depends on size of planet, 
then śara of earth cannot be less than jupiter (as 
shown from examples of nearer and farther 
planets). (97) 

If $ara of earth is assumed to be 3 kalà 
according to you, then correct sun cannot be found 
due to difference in equinox and solstice position 
due to $ara. Hence eclipse shadow, time or lagna, 
nothing can be calculated. (98) 


All these can be calculated if we don't assume 
$ara for earth. Hence, assuming earth as fixed, is 
the correct principle. In both the golas (north or 
south) when bhuja of sun is same, kràntis also are 
exactly same. From that also, earth appears to be 
fixed. (99) 

If we assume earth's motion, its Sara has to 
be assumed which creates this confusion. Just as 
you think that sun has no Sara, I think that earth 
has no $ara. Disc of sun is separate from madhyama 
sun (mean fictitous position of sun). Then why 
can you not accept Sara of sun ? (100) 

You tell that earth is like all other 
sun with only one difference, that earth doesn't 
have $ara like other planets. In a similar way, I 


; can say that all other planets revolve round sun, 
3 only earth is fixed. By nature itself, earth is fixed, 
i why do you object ? (101) (Both assume exception 
i 


for earth). 


Notes : We regard earth orbit as the reference 
plane, hence earth has no $ara or sun has no áara 
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as viewed from earth. More correctly the axis of 
angular momentum of the whole solar system 
should be taken as reference. That is inclined to 
the pole of ecliptic at an angle of 1.7° in direction 
of mithuna. Similarly polar axis of sun is inclined 
at angle of 7°15’ to the ecliptic pole. Rotation period 
of sun near its equator is 25 days and near the 
pole it is 35 days. Inclination of sun’s axis to ecliptic 
is almost similar to inclination of nearest planet 
mercury. 


However, taking sun’s orbit as reference is 
useful for calculation of all events related to sun, 
year, lagna, seasons etc and also for calculating 
eclipse. 


Verse 102-104 : Vapours from planets 

If nearby planets like mangala are like earth 
and: they also contain 6 seasons as on earth, then 
the vapours forming clouds in that planet would 
have acted as cover between earth and the planet, 
as moon covers sun in eclipse. 


Planets budha and $ukra are formed of water, 
earth is made of soil and bigger than them. This 
shows that all planets are not same. Hence there 
is nothing illogical in assuming earth as fixed and 
planets starting with budha as moving. 

The water near earth becomes vapour due to 
heat of sun, which forms the cloud. On other 
planets, there is only water, hence there is no 
vapour and hence clouds are not seen. 

Notes : All these are totally wrong and need 
no comment. All inner planets between guru and 


. Location of Earth | » 797 


sun are formed of rocks. Atmosphere and water 
vapour are contained due to higher force of 
gravitation and lower heat. Water vapourises 
anywhere, whether near earth or not. It depends 
only on temperature or pressure. There are much 
denser clouds on venus due to high temperatures. 


' Verses 105-111 : Centre of mass . 


At the ends of a high. rod, one heavy and 
_ one light body is suspended. If the rod is supported 
at the balance point, it remains horizontal. That 
. balance point is called centre of mass. (105) 


If the rod is suspended on that point by a 
‘thread and rotated, small object will move in a 
bigger circle and heavy object in smaller circle. 
. Earth and sun are similarly assumed small and 
- heavy objects. (106) 

. Their mass centre is within sun, hence sun 
: has been considered fixed at centre (of solar 
5 system). In this manner earth is moving in a large 
; circle far away from sun. If this is the reason 
t explained for fixed sun and moving earth, then 
; this too is defective. (107) 

E Refutation of fixed sun - Mass (weight) of sun 
t ds in proportion to its volume. Volume of sun (cube 
"Of its diameter) is divided by volume of jupiter 


j. (cube of its diameter) Then we get 

; - mass of sun 45,92,64,62,91,33,53,882 
mass of Jupiter ^ 51,23,42,00,467,707 
= 896 + remainder = 897 almost. 


By dividing the distance between sun and 
Jupiter by this ratio, 
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; 24,50,10,000 
897 


Thus mass centre is 2,72,018 kosa away from 
centre of sun. Radius of sun is 2,22,261 / 2 kosa, 
which is less than half the distance of mass centre. 
Thus mass centre doesn’t come within sun. Hence 
your reason for keeping sun as fixed is not correct. 
(109) 

Here also period of revolution is found by 
finding the revolution time around sun. Then why, 
you unnecessarily assume mass centre away from 
sun (instead of sun itself) ? (110) 


Weight of planets can not be measured, hence 
discussion about their mass centre is useless. For 
benifit of students and teachers, this has been 
discussed in conneciton of mass centre. (111) 


Notes : (1) Here mass and weight has been 
considered as one. Mass is amount of matter in 
an object. Weight is the force of earth’s attraction 
on it, hence it is defined only on earth. It is 
proportional to mass, hence in common language 
both are used for same meaning. 


we ge = 2,72,018 kosa. (108) 


Mass is measured in terms of action of force 
on it, and in that sense, it is intertial mass. Force 
per unit mass, is the rate of change of its speed, 
called acceleration. In heavenly bodies, only im- 
portant force is gravitation, which is also 
proporitonal to mass. Mass measured as per its 
gravitational pull is called gravitational mass. 
These are the same - gravitational or inertial mass, 
according dt physics understood so far. 


When two or more bodies are under action 
of parallel forces (like force of attraction on a body 


Location of Earth 799 


small compared to earth), the resultant force passes 
through the mass centre. 


M M2 
A ie] B 
Figure 2 


In figure (2), O is mass centre of bodies with 
masses M; at A and M; and B. Then M; X OA = 
M; X OB. 

(2) Mass is not proportional to volume for all 
objects, it is only for objects of same density. 

,, , mass 

Penny volume 

Hence, iron of same volume in 8 times as 
heavy as water. Here it has been assumed that 
densities of planets are same which is not correct. 
Rocky planets like earth have more density. 
Gaseous planets like Jupiter and beyond are less 
dense. Even sun is less dense then earth. Density 
of earth is 5.52 and of sun it is 1.41 if water density 
is considered 1. 


Verses 112-115 - Efects of earth's rotation 

Due to rotation of earth, high mountains or 
houses move in a bigger circle. Hence their linear 
Speed is more, than the speed of rotation of surface. 
If a stone is dropped from top of a high building 
or mountain, it will fall at a point slightly towards 
east, from the verticaly down point (as earth is 
rotating in east direction). (112) 
This would not have happened, if earth had 
‘No rotation. According to me (author), it is because 
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an earthly wind named ‘Avaha’ moves steadily 
from west towards east always. (113) 

Due to that wind, all grass, trees are slightly 
inclined towards east. Hence, the stone falls slightly 
eastwards. (114) 

Hence, we need’ not assume rotation of earth 
to explain it. On plane surface, and covered space, 
free of winds, all objects fall directly downwards. 
(115) $e 

Notes : Effect of earth's rotation is both static 
and dynamic. Due to centrifugal force, the force 
of attraction reduces. It is also slightly bend away 
from equator giving bulge at equator. Resultant 
force is also slightly towards east from the true 
vertical, hence definition of vertical itself changes. 
Plumb line is towards east from true vertical line. 
Due to that also stone will fall towards east. 

Another effect is dynamic called coriolis force. 
All motions tend to turn clockwise in north 
hemisphere. This is seen in the climatic winds, 
which start moving north, then turn towards north 
east slowly. 


Verses 116-128 : Relation between distance and 
period of revolution. 

Distance of planet centre from centre of sun 
is called distance. The time taken by a planet to 
make one revolution of sun is called its period of 
revolution (bhagana kala). (116) 

The ratio between cube of distance and square 
of bhagana kala is same for all the planets (Keplar's 
third law). (117) 
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Square of mars's bhagana kala — 687 

Square of earth's bhagana kala ^ 365 

= 3/31 = 3.519 (118) 

(Mars distance)?  (7,22,50,000)? 

(Earth distance)? — (4,75,00,000)? . ` 

= 3.519 = 3/31 = (119, 120) 

Thus both ratios are same. If, on that basis, 
you tell that earth moves, then I become perturbed 
. and many things will have to be told. (120) 

There is no effect without cause. Planets move 
around sun following this rule, only if sun itself 
rotates around its axis by the same rule. (121) 

If this proportion is correct, then: any planet 
very close to sun should move round the sun in 
25 days, becuase rotation of sun around its axis 
takes 25 days, as seen by telescopes. (122) 

Comparing this with distance and rotation 
period of budha, 

(Bhagana of sun's surface)? (Sun radius)? 

(Bhagana of budha)? li (Budha distance)? 
or (Bhagana)? of a planet at sun's surface 
(2,22,161/30)? 
(Budha distance)? 
Bhagana of that planet comes only 6/52 
' dandas, i.e. sun should complete 1 quarter less 
‘than 9 round on its.axis in one day. This is against 
the observed period of rotation of 25 days. (123-125) 


Again if we assume the rotation period of sun - 
to. be 25 days, then 


= 88 X 
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(sun radius}? 
_ (Mars distance)? x (sun bhagana) 
i (Mars bhagana)* 

Then sun's radius comes out to be 36 times 
its true value. (126-127) 


` Thus, if diameter is considered correct, then 
rotation period in wrong. If rotation of sun is 
considered correct, then its diameter is wrong. Thus 
sun's own period of rotation and diameter are 
against this rule of proportion. Thus, under its 
influence, planets like mangala will not revolve 
under this rule. (128) 


Note : Sun's own rotation is not the result 
of an orbital motion, it is residual angular 
momentum since its formation. Other planets move 
in the field of sun's gravitation, hence they follow 
this rule. Sun doesn't attract itself, and this rule 
cannot be applied to self rotation. 


Verses 129-133 : Manda and éighra kendra - 


In their own orbits, $ighra kendra of grahas 
starting with mangala lies in cakrárdha in nearer 
position and in cakra for farther position. (129) 

Similarly manda kendra is at closest point and 
farthest point from madhyama sürya. In mangala 
etc, Sighra phala and mandaphala is of same types 
(nearest or farthest points are reference for measur- 
ing). Since direction of earth (from sun) is opposite 
to direction of sun, it is more convenient to assume 
that sun rotates around earth along with planets. 
(130) , l 

At the end of odd quadrant mandaparidhi of 
mangala is 3° more. This mandocca is attracted by 
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parocca in direction of earth from sun. Hence 
mandaphala of mangala is slightly more than $ighra 
phala, as it is attracted by mandocca, which is in 
turn attracted by parocca. This is due to manda 
kendra of mangala. (131) 


For mercury, increase in Sighraphala_ or 
decrease in mandaphala is not due to sun alone. 
(This is due to manda-kendra of sun and mercury 
both). (132) 

Mars and mercury, thus revolve around sun 
and earth both. Since manda and Sighra both are 
seen, it is clear that at least one of earth or sun 
moves. If sun is assumed fixed, then correct 
positions of planets will not come. Thus it is settled, 
that sun moves round earth, while carrying 
planetary orbits with it. (133) 


Note : Whether sun is considered fixed or 
not, we have to calculate both - distance and 
direction of sun from earth, then distance and 
direction of the planet from sun. The smaller 
distance is called sighra paridhi. In heliocentric 
position also, same calculation method is adopted. 
As explained in chapter 5, siddhànta formulas are 
symmetric for both inner and outer planets, as 
smaller orbit is always considered $ighra paridhi. 
Hence, a common formula is sufficient for both 
inner and outer planets. However, this doesn't 
contradict movement of earth. 


Verses 134-138 : Distance and nature of stars 

Scientists (western) say that stars are very far, 
and so, they appear fixed. The stars are all like 
. suns and situated all over sky in different planes. 
. (134) 
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Other suns also are with their family of 
planets. Nearest star is at distance 8,000 times the 
distance from earth to sun. (135) 


Many stars are larger than sun also. How all 
can rotate round the much smaller earth? Hence, 
movement of stars in, seen, only due to rotation 
of earth. (136) 

If you say like this, then listen to my 
explaination. NakSatras rotate round earth at 
distance of 360 times the distance of madhyama 
sun. (137) 

(Distance of stars from earth = 360 X mean 
distance of sun = 360 X 76,08,294 = 68,47,46,460 
yojana). 

Based on this distance, the difference in Sighra 
paridhi at the end of even and odd quadrants 
should be 1°, which is actually observed. hence 
the $ighra phala stated by me is correct. Earth's 
rotation in east like a worm (cancer) is illogical. It 
will be proved at last by discusson of krànti. 


Notes : Differences in $ighra paridhi is not 
due to finite distance of stars’ as explaiend in 
chapter 5. Distance of star given here is as per old 
estimates. Nearest star is at least 3,60,000 times 
more distant than sun. If nearby star vega at 26.5. 
light years moves at a speed of 100 Kms/second 
perpendicular to its direction it will move only 1* 
in 1400 years. Other stars move much less. 


Verses 139-142 : Motion of nakSatra sphere. 


When earth is at the end of dhanu rāśi (from 
sun), then a star is seen at some point. When 
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earth is at 47° kranti difference from that place 
(i.e. in end of mithuna sayana ra$i), then the star 
should be seen at 8 kalà south of its earlier rising 
point. (47°/360° = 8 kala) based on star distances. 
But this does not happen. So I consider the earth 
as fixed. (139) 


You cannot say that stars are fixed and they 
don’t move. Reason is movement of ayana. Due 
to change in north and south krantis, movement 
of nakSatra circle is clearly seen. If you explain 
that it is due to movement of krànti vrtta, then 


listen to my explaination. (140) 


Earlier ācāryas had stated observed values of 
dhruvaméa and $arámáéa of naksatras. It continues 
the same today also. If we assume movement of 
kranti vrtta and consider the nakSatras as fixed, 
this will not happen. Hence nak$atras as well as 
kranti vrtta both move. (141) 


Movement of ayanas, daily rotation of 
nakSatras from east to west, show that earth is 
fixed. If there were other stars in sky like sun, 
then there should not have been darkness during 
night. (142) 

Notes : The difference in calculated positions 
of stars for maximum 47° krànti difference is on 
assumption that stars are only 360 times more 
distant than sun. They are at least thousand times 
more distant than assumed here. 


Verses 143-145 : Darkness in night 


With the telescope of magnifying power of 100, 
'lubdhaka' star is visible even at 8 kalà difference 
from sun. If lubdhaka also, is same as sun, then the 
light from two suns in same direction 
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will create terrrific brightness. (Hence there is not 
an infinite number of stars like our sun). (143) 


You explain that stars are very far, and their 
light is absorbed by vapour and ice particles. Hence 
their light is not as bright as sun. My objection is 
that stars cannot be as bright as planets, who have 
various types of motions (stars are thus dull). 
Assumpiton of ice or vapour particles is only due 
to confusion. (144) 


Due to nearness, light of planets like mangala 
is constant. But light from far stars absorbed by 
snow etc. is flickering. Hence they vibrate like 
flames of fire. But like fire, their light also may be 
extinguished. Has it been seen ? (145) 


Notes : If infinite sun like stars are assumed 
uniformly spaced in all directions, then there will 
be infinute number of stars in any cone of vision. 
‘Area of any spherical shell increases in proportion 
to square of its radius (Rê). Hence the number of 
stars will be proportional to R?. Light from an 
individual star at distance R will have intensity 
proportional to 1/R*. Hence all spherical shells 
contribute the same amount of light. From infinite 
shells in space, light at earth will be infinite. This 
is called Olbers' paradox. 


This doesn't happen because, light is absorbed 
by gases spread in sky. But even then the gases 
will became heated and will start emitting light. 
Then the temperature at each place will be 6000" K 
which is average surface temerature of a star. 

Its real explaination was provided by expan- 
sion of universe observed by Hubble in 1928. Due 
to expansion, the stars at farther distance have 
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lesser influence. Hence, we are mainly affected by 
nearby star sun only. Thus, when we don't face 
sun side, there is darkness in night. 


Verse 146 - Equatorial bulge : If an earthen 
sphere is rotated along its diameter, the sphere is 
pressed along axis. Similarly, on earth also polar 
regions (meru) are depressed and equator portion 
has a bulge. This confirms the rotation of earth 
along its polar diameter. Reply to this logic is that, 
in creation of god there are many similar strange 
things. To explain coincidence of both these results, 
it is not necessary to assume axial rotation of earth. 


Verses 147-150 : Desire of god 


If the west rotation of nakéóatras is due to east 
rotation of earth, then why god had to create 
pravaha wind with hard labour for west rotation 
of stars ? Reason is that god can keep rye as fixed 
and make the mountains move. To show his 
abilities, he has made the earth fixed. (147) 


Playful god has done impossible acts many a 
times to punish the cruel people for good or bad 
works. But in earthly creation there is no blemish. 
Human body is transitory, but the earth created 
with great labour from stones and gems will be 
kept fixed by god. As man doesn't leave his nature, 
God is always engaged in rotatig stars, while 
keeping the earth fixed. (148) 


Worldly people are always hankering after 
house and other properties. This is not done by 
adepts. Similarly god acts only for justice (not to 
satisfy his habit). Against this logic, my reply is 
that, god has not achieved any goal by giving 
lesser life period to men, elephant and horse and 
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longer life to crow, jackal etc. God's desire is the 
only reason. (149) 


Earth is created out of internal (detached) and 
external (visible) abilities of god. As a body of god, 
earth is living place of all beings and having all 
attributes. Hence grahas also which are parts of 
god, revolve round it. There is nothing strange in 
it. (150) 


Verses 151-152 - Summary of evidence 


Through many reasonings like fruits of 
siddhanta tree, theory of three types of earth’s 
motion has been demolished-daily motion, annual 
motion and kranti. May it remove the tiredness of 
people out of motion of earth, through good taste 
of the logical fruits. (151) 


Thus fixed position of earth has been proved 
by the following arguments - (1) rising of same 
star in celestial sphere always at the same place 
(2) Increase or decrease of manda and śighra phala 
of budha and mangala due to their manda kendra 
(3) Spots of moon always look alike from earth (4) 
From the nature of light and heavy bodies (5) 
Movement of attracted body in the direction of 
attraction (6) sun has no Sara (deviation from 
ecliptic). (152) 


Verses 153-154 - Earth as gem 


(Siddhanta Sekhara) - As the iron embedded 
in gem is round, so the earth, without any support 
and shelter for all, is definitely round. (153) 

(Varaha purana) - As iron is embedded within 
a gem, similarly earth of 5 mahàbhüta (fundamental 
elements) is within the sphere of stars. (154) 
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Verses 155-159 : Background of discussions 


Due to ali these reasons, I hold that earth is 
fixed. Sun through its mean form carries all planets 
and revolves round the earth. The planets do not 
move in any fixed order (they have independant 
motions). The scholars who know the value of 
labour, should give a thought to my theories. I 
will be satisfied only with that. I am not concerned 
with praise or criticism of my views. (155) 

O learned astronomers ! You are friends to 
all. Please pardon my out-spoken views to prove 
the fixed earth. To explain the fixed earth to 
students, I told whatever came to my mind. Who 
‘is without fault in this world ? (i.e. there is possible 
fault in my logic also). (156) 

Man wants his rise only. While constructing 
idol of god, if it becomes a monkey idol, what can 
be done ? It can be thought as fate only, not fault 
of the man. (157) 


Universe has originated from ocean in which 
world is continuing. It is not affected by strong 
winds etc. and remains as such in the space. As 
described in puranas, it is full of seven seas, 
continents and mountains all around. Here I have 
not described the universe. Only its base, earth 

. and sun etc. have been told. (158) 


Movement of earth has never been heard in 

& past. In 144th part of kaliyuga (Le. kali samvat 

i: 3000 or 102 B.C.) there was a cursary mention of 

3 ,earth's motion by Buddhists. The great scholars 

‘alike Bhaskara also replied it lightly. hence much 
had to be told here to counter that view. (159) 
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Notes : The arguments are mainly directed 
against concepts of modern physics and Keplar’s 
law of planetary motions, which the author heard 
during discussions with Prof. Jogesh Chandra Rai 
of Cuttack, wo wrote introduction ot siddhànta 
darpana in 1899 AD.'His logic depends on the fact 
that both the calculation methods for planetary 
motion are equivalent. Even in heliocentric theory 
we have to calculate geocentric position as all 
observations are from earth only. 


The author has partly understood the concept 
of centre of mass. But concepts of relative motion, 
attraction and repulsion at different points, motion 
in direction other than direction of force have not 
been grasped by him. Force causes acceleration of 
a body in its direction, but if initial motion is in 
different line, the resultant motion will not be in 
direction of force, i.e. velocity can be in a different 
direction. This can be understood from any 
graduate level text book of physics or mechanics. 


Candra$ekhara also, expresses doubts about 
correctness of his theory of fixed earth in verses 
(155-157) 

Though nowhere in the vedas, earth has been 
told as fixed, siddhànta jyotisa calculates on basis 
of earth as centre of cordinate system as it is done 
now also. Hence without specific mention of fixed 
earth, it creates this impression. 

In supporting this view, author has felt that 
atternate theories will demolish the siddhanta 
jyotisa which is not so. Another reason is pride in 
Indian thoughts and the feeling that European 
theories were popular only due to political and 
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financial influence of those countries. That was 
definitely so, as Greenwich became reference for 
0° longitude in place of Ujjain, or Gregorian 
calender was accepted worldwide after rise in 
British power. In next verse he has felt that, 
movement of earth has been felt only due to hope 
of getting gold medals - and this has been named 
golden theory. 


Verses 160-161 - Prayer and end 


Theory of moving earth and fixed sun has 
been proved true, undeservingly due to influence 
of gold (gold medals or economic and political 
power). May Lord Jagannatha living in Nilacala 
bless me, by whose grace many thoughts were 
expressed by me and the fire of logic melted the 
golden theory of moving earth. 


Thus ends the seventeenth chapter describing 
position of earth in the sky in siddhanta darpana 
written as a text book for accurate calculations by 
Sri Candrasekhara born in famous royal family of 
Orissa. 


Chapter - 18 
DESCRIPTION OF EARTH 


Bhügola Vivarana 


Verses 1-2 : Prayer and scope 


I pray to the essence called Krsna, whom 

devotees call Bhagavàna (i.e. with influence and 
prosperity, samkhya, and yoga call detached 
purusa and parama Siva (supreme god), vedànta 
calls Brahma (Big or ever increasing), nyàya (logic) 
calls Paramatma (the grand soul of universe), 
mimansakas call karma (action) and sun worship- 
pers call it Kula deva (i.e. family god). (1) 
. Sages has said a lot about creation. God 
wiling, I will tell about it in detail in an 
independant work. Here I am telling some useful 
facts about creation as per Surya siddhànta. Then 
I will also tell about situaiton and extent of world 
as answer to questions posed earlier (in chapter 
16). (2) 

Note : This prayer is almost similar to classical 
'secular' prayer of god 

a tat aaa fara ofa adfa Aa: 

star Te zfa wm Gea: KANA enfant: 

adama Sa IRA tat: KAA AATA: 

A sa at faced aifsea wei tea amit ae 

Different names of god are 

Saiva - Siva i.e. well doer or tranquil 
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Vedànti - Brahma - Grand universe, ever 

expanding 

Bauddha - Buddha - Enlightened 

Nyaya followers (logicians) - Kartta (agent) 

Jain - Arhat (Able) 

Mimaànsaka (thinkers of customs etc.) - Karma 

(action) 

In this book Bauddha and jain views are not 
| included. 'Karttà' name by nyaya followers has 
' been stated as paramatma. The additional names 

are for 
; Samkhya and yoga - Parama siva (supremely 
i calm and composed) 
or Nirlipta (detached) 


Sun worshippers - Kula devata - (Head of 

. gods). 

1 Verses 3-22 : Creation as stated in Sürya 
‘siddhanta (Sun god to Maya asura - in sürya 
" siddhanta) Listen to attentively because this matter 

. is related to philosophy (adhyatma) and hence very 

sacred. I have nothing which I would keep off 

_ from my devotees, with myself. (3) 

Parama purusa Vasudeva himself is the form 
"of Parama Brahma (infinite universe). He is 
| formless, calm, unchanging and beyond 25 ele- 

ments. (4) 

E. As part of Parama Brahma, Sarhkarsana 
| adopted body form and entered into nature 

i energy). He is all pervading büt knowable (due 
«to body form). First of all ‘apah’ (vapour or gas) 
iWas created. Seed was put into it by Sankarsana. 
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That seed developed into golden egg (radiant 
from out side, spherical), inside which was only 
darkness. Within that, eternal Aniruddha took form 
(or became bright to be seen). (6) 


This ‘Aniruddha’ has been called 'Hiranya- 
garbha' (cosmic egg of light or energy - Hiranya 
means gold as well as light). Being the first born, 
he was also called ‘Aditya’ or 'Sürya'. (7) 

He was called ‘Param jyoti’ because it removed 
darkness. Because he created world, he was called 
'Savità'. He produces living beings and also 
revolves round all bhuvanas (3 or 14). (8) 


Being brightness or energy himself, Sürya 
destroys darkness and is famous as ‘mahana’ (The 
great). Rk veda is his mandala (spherical spread), 
Sama veda is his light rays and yajur veda is his 
body. (9) 

Thus sürya is embodiment of three vedas. He 
is soul of Kala and creator who has produced Kala. 
(Time measures are based on sun, creation or 
destruction are another meaning of Kala, which 
are also due to sürya). He is soul of all beings. In 
microscopic form, he is within every body. In his 
grand form, everything is included in him. (10) 


The whole world with moving and non- 
moving is his vehicle (ratha or chariot). Chanda 
(rhyme or vibration) are his horses. They are 
connected with rays of light and revolve with sun. 
All are controlled by sun. (11) 

Only one quarter of sun's energy (teja) comes 
out, three quarters are hidden as indestructible. 
He created 'aharhkàra' (individual differentiation) 
and then crated Brahmá to create the world. (12) 
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Surya gave ‘vara’ (method) of vedas 
(knowledge) to Brahma and put that grandfather 
of all beings.in a great egg (Brahmanda). He himself 
rotates with brightness. (13) 


Becoming in form of Ahamkara, Brahma 
desired to create the beings. Moon was formed 
from his ‘mana’ (mind - hence the words mind 
and moon evolved from ‘mana’), fire from ears 
. and sun from eyes appeared. (14) 

‘Mana’ gave birth to akaSa (space), from akaéa 
came vayu (air), agni (fire) from vàyu, water from 
fire, and earth (soil) from water appeared. Thus 
five mahabhütas (elements) appeared with one 
guna (attribute) more at each step. (15) Thus 
appeared agni (fire), jala (fluid), sun, moon and 
then mars etc. Five star like planets (tara grahas 
starting with mangala) appeared from five elements 
- teja, earth, akaSa water and wind. (16) 

Again Brahma divided himself into 12 parts 
and took form of 12 rà$i's (signs of zodiac). The 
: same 12 raSis were divided into 27 nakSatras. (17) 


Then gods were created and through creation 
of prakrti (female form of god or energy) he 
created the whole world with moving and non- 
: moving bodies in order of upper, middle and lower 
. planes. (118) 


With his knowledge of vedas, he assumed 
; different classifications according to guna (at- 
. tributes) and karma (functions). (19) 

From these classifications or regions, following 
z Were created in that order - graha, nakSatra, stars, 
“earth, bimba (disc of planets etc), brahmànda, deva, 
Asura, man and siddha (adepts). (20) 
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In the hollow space of brahmaànda exist lokas 
like bhū, bhuvah, svah. Brahmànda is shaped like. 
two big bowls joined at their edges. (21) 


Internal circumference of brahmànda is called 
'vyoma-kakáa (i.e. orbit of the sky). Within this, 
move nakSatras etc. starting from periphery . (22) 


Notes : This is a combination of ideas of 
sankhya’ of Kapila (one of the six systems of 
philosophy), purànas and in Gita. The chart as per 
Gita Rahasya by Bala Gangadhara Tilaka is given 
below (page 180 and 184) 

Vasudeva (abode of all) 


Purusa _ p Two forms, both without Prakrti 
(formless | birth or beginning (unexpressed, 
viewer) with 3 qunas, 


‘sakti, giver 
of EI 
PAUSAN (seed) ` 


Golden egg (Pradyumna) 
Hiranya e. - Aniruddha 


Mahàn or Buddhi 
(Expressed and fine) 
Ahankara (Pride) 
TENTER DNE NE 
-Sáttvika, i.e. expressed Támasa i.e. without 


and fine organs . organs 
[ y 
Five Tanmatra Five mahabita 
(Fine) (gross) | 


Five sense Five organs Mana 
organs of work 
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25 elements 


Sánkhya Elements Vedanta Gita 
Classification Classification Classification 
(Neither crea- 1. Purusa Pará prakrti 
.Honnor destru- _ 1. Prakrti Aparā prakrti 
ction) 1. Mahan 8types of gross 8 types of 
Müla 1. Ahankára forms of brahma! apará prakrti 
prakrti 5. Tanmatra 

7 Prakrti 1. Mana Due to These 15 are 
(cration) Vikrti 5. Sense organs deformations not comted. as 
(deformation 5. work organs these are not basic elements 
_ or destruction) 5. Mahabhita considered due to deform- 


16 vikāra basic elements ations 


(great elements) 


: (deformities) 25 Total 


5. Tanmātrās - Tanméatras. (micro forms for) 
$abda (sound), sparsa (touch), rüpa (form - vision), 
rasa (fluid or taste), gandha (air or small). 

5. Sense organs (one for each tanmaátrà) - ears 
(for sound), skin (for touch - tvacà in sanskrit), 
eyes (for vision), Tongue (for taste) and nose (for 
smell) 

5 work organs - speech (mouth), hands, feet, 
upastha (generative organ) and exretory organ 
(guda) 

5. Mahabhita - Ākāśa (space) - Sound quality 

Vayu (wind or air) - (+) Touch quality 


Agni (fire) (+) rüpa or vision 
Jala (liquid) (+) Taste (rasa) 
: Bhümi (soil) (*) Smell (gandha) 
Tara grahas corresponding to 5 mahàbhütas 
Akà$a ~ - Jupiter (guru) 
Vayu E Sani (saturn) 
Agni - Mangala (mars) 


Jala - Śukra (venus) 
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Bhiimi (soil) - Budha 
Three Gunas 
Sattva - Light - Treta 
Rajas - Action - Dvapara 
Tamas .- Static - Kali yuga 
Three loka types - 14 types of beings (bhuvana) 
1. Daiva creations 1. Brahma, 2. Prajapatya, 
(Sattva guna) 3. Aindra, 4. daiva 
5. Gandharva, 6. Pitrya 
7. Videha 8. Prakrtilaya 
2. Human forms 1. Man 
(Rajas guna) 
3. Tiryak (lower forms) 1. Animals, 2. birds, 


3. Repliles (Tamas guna) 
4. Insects 5. Static 
(planets). 
This is the order of creation from higher to 
lower. 12 rasis and 12 nakSatras have already been 
explained. 


(2) Theory of creation in vedas - Only one 
section Nàsadiya sükta of Rk veda (10-129/1-6) is 
being explained here according to Dr. P.V. Vartaka 
‘of Puna and Dr. A.S. Ramanathana, nuclear 
Scientist at. Madras. 

AAA Sara Tar, TSS AT SAAT vut TT 

fenratia: He Bea wag, are, RA red WHAT 1g 1 

Meaning - At that time (of the creation of the 
universe) there was no 'asat', no ‘sat’, no solar 
system (rajas), no space, nothing else was present. 
Then what covered on ? where ? For whose shelter? 
What was that unfathomable and profound thing 
emitting sound (ambhas) ? 

'Sat means the existant things, like water, 
horse etc., ‘Asat’ means non existant things. 
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Satapatha brahmana (10-5-3) tells 

34 dr gAs aada smdifza ar zem dan 
deb UST p.20. dena BOM) A wand 
aaah | ta fa wi Fara i 


It is not true that cosmos did not exist (asat), 
nor was it sat or did exist. It was there, and it 
was also not there. Only mind (manas) was there. 
Later on it says that manas created vak, then come 
prana, which created organ of vision end so on. 


At other place the bráhmana says (6-1-1) 
Sa] SCAT ardt rag Fe cef ae mas 


agada deme d ch WA gR WON a A d 

Fea eiA SA: A TTA quur: | 

The cosmos was asat in the beginning. What 
is asat? Rsis were asat in the beginning, who are 
those rsis? Pramas were the rsis. Because they 
strained themselves desiring creation of this cos- 
mos, they are called rsis. 


Thus asat means pranic energy, which Sayana 
tells nameless and formless brahman. It is non 
existant in the sense that it is energy and not 
matter which has mass or which covers space etc. 
Universe was created out of this pranic energy - 
it was neither matter (sat) nor energy (asat) - may 
be a combination of both as dual nature of matter 
or energy particles. Asat gave rise to ‘manas’ and 
from manas, a desire to create arose, and creation 
commenced. 


Negation of both means, that neither of them 
. existed alone - a combination of both sat and asat 
was present - or the entity which was both. 
‘Rajas’ means ‘loka’ when used in plural. It 
has also been used in the sense of 'antarik$a' loka 
ie. solar system (creation in sky). Thus it means 
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the primordial substance which formed the lokas 
later on. As a quality it is the desire which is cause 
of creation. Satva is only existance or pure 
knowledge. Rajoguna is action oriented, it means 
controlled action which creates. Thus there was no 
matter or solar system which can create and 
support life. 


There was no vyoma (akaSa) at that time. 
‘Om’ means original sound or vibration. Creation 
started with vibration which is form of energy and 
it caused interaction between matter and energy 
particles. Vibration felt by us is sound i.e. Sabda 
tattva. Vyoma means space without vibration. 
Vibration was not present when creation had not 
started. After vibration, vyoma becomes ākāãśa. 

‘Vayu’ means central core and 'vayonàdha' is 
its covering envelope. Vayonàdha has been also 
called ‘chandas’ or garman’. Satapatha Bráhmana 
(8-2-2-8) tells 

mon à ar sanare: mAg ud api qax wu xa 

sra. | SAN ad dup TEA i 

(Sarma) has become ‘carma’ (skin) i.e coverin 
surface (3-2-2-8) - wa ataraq, TORE wars ni 
Xam ı Thus there was no covering surface as there 
was no material to be covered. In modern 
astronomy, space expansion means expansion of 
materials (galaxies) which are spreading from each 
other. (Hubbles theory 1928). In beginning it was 
a point universe without cover. 

The third question - for whose shelter all this 
was prepared ? - is unanswered so far. 

'Ambhas' means fluid, though whch vibra- 
tions can pass, ie. sound producing material. 
According to Gamow, the initial distribution of 
matter was uniform and very thin with density of 
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107 compared to 1 for water. This. extreme rare 
matter has been termed as 'Ylem' which has no 
meaning. But ambhas indicates true qualities of 
that matter in which vibration was the only 
prominent effect. 

In first line, it is told there was nothing. Next 
line questions - what covered on ? That means 
that during very short period all the elements came 
into being. (There are books on first 3 minutes of 
universe, History of time etc.). 

(b) "rex uela «t ate, rm arg amdiq wa | 

amitqari ATA qas, TEAST 3 vc REST IR t 

There was neither death, nor immortality. 
Since there was no creation, there was no question 
of permanence or death. Here martya means 
changing and amartya means everlasting principles. 
Both are necessary for creation. 


There was no day or night, as there was no 
sun or planets from where day night can be 
. observed. 

Second line - There was only that one 
breathing without air, with his own energy. Really 
there was nothing else. 


There was only one thing - means there was 
only one primordial fire ball - from which universe 
appeared after big bang. This is called 'Hiranya- 
garbha’ - fire ball. This was only thing present as 
per óantipatha-"fecozjni: adad sau sm: Ghats sai” 

It is clarified that this breathing was without 
air, as it was not available in space. This was 
; Pulsation of surface found in star due to interactjon 
, between nuclear forces of expansion in interior of 
, Star and gravitational attraction which compresses 
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it. Thus Gamow writes - spectral lines of Cepheid 
variables prove that the stars are so to speak 
breathing - i.e. their surface layers are periodically 
rising and falling. 

Here ‘bala’ is force in a dormant stage, in 
action it is Sakti and result is kriyà. $vadhà' means 
$akti which is able to create. It is also called màya 
bala i.e. force seen due to its effect (oscillation 
etc.). In pralaya it merges with rasa as waves in 
ocean calms down and merge with sea. Thus, 
svadha in star is its nuclear energy causing creation, 
which also causes breathing. 

qu MATA Tere, ASIAA ueri qd AT Fey i 

qadama füfed seria, races MAFA ua wu 


There was darkness to begin with. There was 
something mysterious in the darkness. It was 
impossible to understand. It was all undulating 
matter (salila) ‘Abhu’ originated from the surround- 
ing was wrapped by lighter material. It developed 
further due to heat energy. 


Initially stars are cold spheres of rarefied 
gases, which do not emit light. They become 
compressed due to gravitation. Then heat and light 
are produced, and finally nuclear reactions starts, 
resulting in creation of new atoms. 


Gamow says - At dawn of universe, the stars 
must have been so dilute that they occupied all 
space forming a continuous gas. Later, due to some 
internal instability, the continuous gas must have 
broken up into a number of separate clouds or gas 
drops. 


Salila’ means a matter with ripples, i.e. 
undulant cosmic gas. Separate clouds or gas drops 
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are ‘abhu’ - i.e. a thing formed from surrounding 
material (aama Vata sft a) Though called drops, 
the gas drops were 2-3 light years wide with mass 
of about 10? kg. So ‘abhu’ is a better word than 
drop. Abhu was covered with still lighter matter 
as stated in the verse. 

sym anadai, aat ta: seri sara | 

aa aeq afa Pela, afa stem Saat AT ars ii 


The great worldly desire comes from the 
minute, invisible, unworldly seed of mind, in the 
same way ‘sat’ come from ‘asat’. The yogis with 
far reaching intelligence have recognised this fact 
after complete thinking in the mind and thorough 
scanning in their hearts. 


A smallest molecular disturbance or a speck 
of vibration (or smallest bija) started the chain 
reaction in rare gas clouds, which started creation. 
Thus the reason is smallest force or matter called 
‘kama’ or desire. First action was from ‘mana’ i.e. 
minutest. 

RRAN aad Raters, ara: Raad ¢ oftacrata i 

Xr ama ALA 3mm, TAT STATA erf, VUE Iy 0 

Strands or rays scattered out; were they 
oblique or downward or upward ? They became 
germ holders and became mighty. Those who tried 
to keep themselves aloof (@Manafagfataul) remained 
small or those who surrendered themselves (I 
eufagfa tae) became inferior; while those who tried 
hard became superior. 


‘Rasmi’ means strands or rays. ‘Abhu’ (gas 
drops) emited light rays in all directions. They also 
scattered matter in strands which are seen in spiral 
nebulae. Our galaxy also has two spirial ‘arms’. In 
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space there is no real direction, hence up, down 
or oblique has no meaning. Thus the strands were. 
in all possible direction, or in spiral shape with 
changing directions. 

Out ofthe matter in the strands, some lump 
came together to become germ holder. Those which 
remained aloof remained small - named ‘svadha’. 
Some bodies surrendered themselves to others, 
these are also ‘svadha’. Other bodies absorbed more 
and more matter and smaller bodies by gavitational 
attraction, and became enormous. These are 
‘Prayati’. 

This is similar to Nebular Hypothesis of 
Laplace corrected by Weizasackr. 

A BSI Ae H FE Tala Ha Sara TEE UN 

aab Sat ae farsa A A de Ad SAHA NG I 

Who really knows ? Who in this world. can 
confidently give a talk on origin of this great 
universe ? The gods are subsequent to the creation 
of the universe; then who knows from what this 
universe originated ? 

s fag ac anaqa, afa arai afa at 

zr AeA: war AM, Al air Fe aE FF AT 0 Il 


Does He, from whom this universe arose, 
support it or not ? Does He, who is the highest 
authority of the universe and who is in super 
space, know it definitely or not ? 

Universe is supported by its creator. Thus 
living beings are supported by earth, the creator. 
Earth is supported by its creator Sun, expressed 
in worship of earth— 


Set crar yar cite, afar cd fra gar 
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Solar system is itself supported by its creator, 
the galaxy. The chain is endless and we don't 
know the answer. It is doubtful whether the power 
holding galaxy is the highest power, or is there 
any power still superior to it. 


(3) Purusa Sükta of Rk veda (1-90/13-14) 
imagines universe as a grand human being whose 
limbs are different parts of the universe. 


TAM ATA Sa: wa: Fat AATA | 

TARAIA NUNS rg TAT 13H 

ma amdtazafcar sient et: uada | 

Tear HS: AAT TAM AHAB IAT. lv I 

Mana - produced moon (i.e. mana) 
(Lunar - moon’s, lunacy - mental illness) 
Eyes - Sun, Feet-Earth 

Mouth - Indra and Agni 


(Mouth and agni both eat or consume. Mouth 
and Indra both give verbal direction). 


Prana - Vayu 

Nabhi - Antarikóa (nearby space, core of 
matter) 

Head - Sky (open and vacant space) 

Ears - Directions 


(4) Verse 12 - Light of sun is from nulcear 
reaction in which 3 out of 4 protons are preserved 
(amrta) and 1 proton is converted to energy and 
comes out as light. 

Verse 21 - Seven Lokas - Bhi, bhuvah, Svah, 
mahah, jana, tapah, satya. 
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Verses 23-32 : Comment on creation 

In the above 20 verses of sürya siddhànta 
order of creation has been explained. Now the 
form of sun mentioned there, is being explained 
in detail. Everywhere work is done at four levels 
(Sankalpa or decision, planning, execution and 
result) - as it has been stated in Sri Naradiya 
Purana. Here Pradyumna is padmabhü brahma 
(23-24). 

Origin of brahma is sun in form of mahattat- 
tva. From Brahma another sürya has originated. 
Q5 

Hence two sürya (suns) are stated. First sürya 
(first sun) is the origin of self created Brahma, from 
whom creation started through this sun. (26) 


Second sun is creator of deva, asura and man. 
Two forms of sun are in form of sphere and in 
form of deva. (27) 

Sphere of sun is formed of five elements, still 
it is very bright, so it emits light like a lamp. Its 
brightness can be felt by touch. (28) 


There are 8 parts of sun. Out of that, 4 are 
energy (fire) and other are having one parts each 
of remaining four elements. (29) 

Since fire (teja) element is dominant in sun, 
it is called taijas. But ‘teja’ of divine sun is 100 
times that of mars, fire etc. (30) 

Similarly in 8 parts of moon, 4 parts are water, 
hence it has coldness like snow ball. (31) Other 
parts are one each of remaining 4 elements. This 
is lighted with sun light only. (32) 
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Notes : Only one notion borrowed from vedas 
is correct. First sun was the original fire ball 
(Hiranya garbha) from which Brahma was created. 
Second sun is the present sun, like any of the 
other stars. They are rather called first and second 
generation of stars. 


Hotness of sun or coldness of moon are 
completely erroneous ideas of middle period or 
dark ages of knowledge. Temperature of sun at 
surface is 6000'K and at centre it is almost 20 
million K. This cannot be felt by touch. Absolute 
temperature of fire is 300'C or about 600'K for 
wood fire. Surface temperature of sun may be 
called 10 times. Other comparisons have no sense. 


Verses 33-35 : Drinking of rays of moon 


It is stated in Santi patha of veda that moon 
drinks fire with its first ray or kala. This is not 
real but metaphorical. When brightness of moon 
is less, it looks red, hence, it is said that it drinks 
fire. (33) 

Light (Teja) cannot be drunk. Hence its 
meaning should be use or enjoyment. For ex- 
ample, Devadatta ate village, means he enjoyed 
the village. (In sanskrta 'bhuj' means to eat or. to 
enjoy). (34) 

Kalà word has been used to indicate the time 
of increase or decrease of moon's phase. Otherwise, 
on new moon day, all rays of moon are lost. Then 
we cannot talk about increase of kala. (35) 


Verses 36-38 : Nature of moon 


Small object is neglected compared to large 
one. Hence, due to abundance of cold in moon, 
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its minor heat is not felt. But it is not a fact that 
moon is totally devoid of heat. In absence of heat, 
it will be still colder like snow. (36) 

Moon is full of water. It contains trees, 
mountains etc. They have been described as spots 
on moon. There are many old stories about it. (37) 


Mangala etc. also are like moon only (lighted 
by sun). But stars have their own light, according 
to me. Some persons call them water bodies also. 
Since long, there is controversy. (38) 


Verses 39-41 : Light of stars 

Diameter of moon at distance of stars is only 
5 vikala. If stars are pure water bodies, then they 
cannot be as bright due to sun rays at they are 
seen. On the other hand, if they are bright like 
sun, there will not be darkness during night. 
Hence, stars are neither bright like sun, nor watery 
like moon. (39-40) 

Thus, their light is reflected (aupadhika) like 
earth’s (or like mars’s). Planet is seen according to 
the extent of sunlight falling on it. 


Verse 42 - Due to base, colour of fire changes. 
Similarly sun rays are of one colour only, but it 
gets different colours after falling on different 
planets. 


Notes : Distance of stars is much larger than 
assumed here, hence the conclusion. Heat and 
coldness are same thing - different states of heat 
energy, which desperses like light at a distance. It 
is meaningless to talk of their combination. No 
planet, including earth is composed of mainly 
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` water. Moon is totally waterless. Its spots are 
mountains and valleys on its surface. 


Sun light has all the colours, predominent 
portion reaching earth is the light visible to human 
eyes. Actually eyes of living beings on earth have 
evolved to see only that part of light. Colour of 
an object is seen because, rays of particular colour 
are reflected more, remaining are absorbed. 


Verses 43-44 : Beings on planets 


According to scriptures, pitr loka is on back 
side (invisible side from earth) of moon. Similarly, 
on other planets also, different life forms exist. (43) 


In any loka, living beings formed of that 
mahabhita exist, from which the loka has formed. 
. They use only that part of earth in whose contacts 
they come. (44) 

Notes - So far there is no evidence that any 
living beings exist on any other planet except earth. 
‘There may be life forms within dense clouds of 
venus or in interior almosphere of Jupiter, where 
heat and organic matter are available. But so far 
no evidence has been found from samples of those 
planets. 


On earth also the animals of different habitats 
'are not different. A fish, a bird or an animal all 
have same body composition, it doesn't has excess 
of water, air or solid. Actually water, air or earth 
are not element at all - they represent different 
States of matter - solid, liquid or gas. 


Verses 45-47 - Composition of earth. 

Situated at centre of universe, earth is formed 
_Of five mahabhitas. At the beginning, it had 4 
‘Parts of land (soil) out of 8 parts. (45) 
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Remaining 4 parts were 1 part each of the 4 
other elements. On earth’s surface 3 parts are water 
and one part is land. Thus on one fourth part of 
the surface only, all men are living. (46-47) 


Notes - This composition of 4 parts soil and 
other parts have no meaning, as understood by 
modern science. It is mostly rocky and about half 
interior is hot liquid. 


Verses 48-53 : Jamba dvipa and Meru 


Surrounded by salt water ocean, two con- 
tinents are situated - one is upper and the other 
is lower continent. (48) 


Upper part of the lower continent and upper 
continent has been called Jamba dvipa. Southern 
half of lower continent and 1/12th of north half is 
called asura bhümi. This contains rivers and 6 
oceans and continents forming boundaries and 
countries. (44-50) 


Jamba dvipa also is divided into many 
countries by mountain ranges. Its area has not 
been stated by Brahmagupta, Sun god (in sürya 
siddhànta) or Bhaskaracarya. (51) 

In detail descriptions of earth, mountain 
details are not real (there are contradictions). Hence 
they are described only by name by learned men. 
(52) 

All texts have described height of meru as 84 
yojana. Its width is 256 yojana at surface and 320 
yojana below earth. 

Notes : (1) According to Jain jyotisa texts 
followed by Puranas, earth is regarded as made 
up of concentric rings of land masses alternatively 
surrounded by ocean rings. Mount Meru is placed 
at centre of central island Jambüdvipa. Meru or 
Sumeru is north pole and Jambi dvipa is land 
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mass upto 23-1/2°N latitude. Hence almost the 
entire north hemisphere is occupied by Jambü 
dvipa. North pole is considered area of deva, and 
south of equator is asura area. Thus the other six 
islands are mostly in asura bhümi. Their order 
from norh pole according to purànas is given 


below. 
Countries Bhagawata, Matsya Varāha Skanda Mahibh- Siddhànta 


& Garuda, arata & śiromani 
Oceans Vàmana Padma 
Markandeya 
Linga, 
Karma 
Brahmanda, 
Agni Vayu, 
Devi and 
Visnu 
L Jamba Jamba Jamba Jamba Jamba Jamba 
la Salt water — lavana  Lavana  Lavana 
(lavana) . fe A 
2 Plakéa Saka Saka Saka Saka Saka 
2a Sugar cane Milk Milk Milk 
Juice (Ik$u) 
3 Salmala Kua Ku$a  PuSkara  Kuáa Salmala 
3a Wine (Sura) Ghee Curd wine 
4 Kusa Krauüca Kraufca Kuśa  Kraunca Kusa 
4a Ghee (Sarpi) „Ghee „Ghee curg 
5 Kraufica Saélmala  Sálmala Kraufica Pu$skara Krauñca 
5a Curd (dadhi) Wine wine „Ghee 
6 Saka Gomeda Gomeda Salmali D gomeda 
(ka) (ka) 
6a Milk (ksira) Sugar- Sugar Sugar — 
cane cane cane 
7 Puskara Puákara  Puskara Gomeda 
7a Fresh water Fresh Fresh Fresh 


(Swaduda) Water Water Water 


a = Surrounded by an ocean of 


Romaka siddhànta names - Jambu, Kuéa, 
Candra, Salmala, Plakéáa, Gomeda and Puékara, 
Yogavá$istha (3-73/52-8) gives Jamba, Saka, Kua, 
Sveta, Kraunca, Gomeda and Puskara 

(2) Dimensions of Meru - Aryabhata gives 
diameter of meru as 1 yojana, with same height. 
According to Puranas, Meru is 84,000 yojanas high 
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of which 16,000 yojanas lie inside the earth. (Vayu 
purana Ch.34, gatha 1-45 ch.35, Ch. 35 gatha 11-32, 
Visnupurána Améa 2, Ch. 2, gàthà 5-19) 
Markandeya ch 54, gatha 5-19, Matsya puràna ch 
113, gatha 4-40). : 
` Abhidhamma koşa of Vasubandhu, tells meru : 

as 1,60,000 yojanas total height of which 80,000 
yojanas are in water and remaining above earth. 

Lokaprakà$a of Jain tells it 1,00,000 yojanas 
high of which 1000 yojanas lie inside the earth and 
99000 yojanas outside earth. Jambüdvipa Prajnapti 
adds that it has diameter of 10090-10/11 yojanas at 
its base (inside flat earth) 10,000 yojanas at base 
on flat earth and 1000 yojanas at top. Tiloya Pannati 
also states equivalent measures. Meru is made up 
of frustrum of cones. Its diameter at lowest base 
is 10090-10/11 yojanas and goes on decreasing 
uniformly upto 1000 yojanas at a height of 1,00,000 
yojanas. 

Besides, at centre of the top of meru, a cülika 
(apex or summit) having 12 yojana diameter at its 
base, 4 yojanas at top and 40 yojanas height. 


4 yojana 
yang 


40 \ yojana 
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L 
L 
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t 
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L 
i} 
I 

Y 


mi&z---- 
m 
»|.- = 
o 
^ 
Ir 


^ 2 yojana 
BR e HRS MZ SSS PSs em Term s > 
10,080 4; yojana t000 yojana 


Figure 1 (a) Meru Figure 1 (b) Apex of meru 
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Figre 1(a) and 1(b) show the dimensions of 
meru and its cülika (apex) as per Jain texts. 

Angle @ of inclination of meru sides with 
vertical is (Fig 1a) 


(NE OEC 
Ine a d 


15 
RD 50,45 "I 4 
Also — tan@ = ER = "10000 ^ 22 
yoijanas 
Angle 60' for apex from fig. 1 b is 
ENG SE | 
tan 0 40 ^ 10 
Thus 0 # 6' 


Thus cülikaà is not having same slope as 
remaining part of meru. 
(3) Astronomical Model of Meru - 
. in figure 2, let OFJC be the plane of flat earth 
and FC the diameter of meru on it. ED and GB 
denote the diameter of meru at its lowest base, 
depressed inside flat earth and its top respectively. 
RJH is axis of meru. Join E, F, G, and DCB and 
extend them, till they meet at A on the extended 
axis of meru. - 

GB - Diameter of meru at its top - 1000 y 

(y » Yojana) 

FC = Diameter on meru of flat earth-10,000 y 
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E R D 
Figure - 2 - Meru and Jambü dvipa - 


ED =. Diameter of meru at its lowest base 
depressed inside the flat earth = 10090-10/11 y 


HJ-Height of meru above flat earth- 99,000 y 
| JR = Depth of meru inside the flat earth = 
1,000 y. 


Now in AAFC, GB {I FC" 
AL EC 
Hence AH GB | | 
AH + 99,000 _ 10,000 
or AH aa ie ie AJ = AH+HJ) 


or AH =.11000y - - - (1) 
Similarly in AAED, GB || ED 


So AE a but AR = AH + HJ + JR. 
= 11000 + 99000 + 1000 = 111000y 
go 111000 — ED 

11000 1000 


or ED = 10090-10/11 y as given 


D. 
x 


835 
Thus AED is the approximate cone of meru. 
cone. Culika cannot be explained in this scheme. 


Now let us assume - 
(i) That the observer is situated at O, lying 


‘at circumference of Jambüdvipa whose radius of 


~ 50,000 y. 


~ 


(ii) that OGK represents the true horizontal 
plane of observer and it meets the direction of 
earth’s axis at G such that P lies at the true celestial 
north pole and OW represents a plane parallel to 
the equatorial plane. 

(iii) that OAK’ is the apparent horizontal plane 
of the observer 

(iv) that P’ is chosen such that its apparent 
altitude ZP'OK' is equal to ZPGK (angle between 
axis of earth and true horizontal plane OGK). 

Now join P ‘with A, the point of intersection 


‘of apparent horizontal plane with axis of earth. 


Extend P' A till it meets perpendicularly the plane 
OFJC at J. The plane OFJC is inclined to equatorial 
plane at 4 FOW which is equal to 4 FAJ = angle 
between their perpendiculars. 


Imaginary locus of revolution of P around P’ 
is projected on flat earth as locus of F revolving 
round J. This produces the cone AFC. This is cut 
at G by plane GHB, parallel to flat earth. True 
horizontal plane OGK meets the axis of meru at 
N. 

Earth is concentric ring of landmasses, alter- 
nately surrounded by ocean rings with meru at 


_ centre. Hence, radius of Jambüdvipa = OJ = 50,000y 
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Now in ANOJ, GH || OJ. 
NH GH 
N OJ | | 
But GH = 1/2 GB = 500y and NJ = NH + 
HJ, and HJ = 99,000y. l 
NH | 500 
NH + 99000 50,000 
or NH - 1000y l 
Also we have, JR = 1000y given 
Thus height NH is preserved in terms of JR 
(depression of meru inside flat earth, and diameter 
ED was theoretically generated. Various angles are 


_, -1 0J . 4 5000 .,, 
Z OAJ = tan Ap tan 310000 ^ 24'.45 
FJ 5000 
- 42. 4 = 2? 
Z FAJ = tan J tan 110000 2°.61 


. So 


Hence 


AJ 110000 
= f{; 1 — = -1 = ^ 
Z AOJ = tan OJ tan 50000 65°.55 
N 100000 
Z NOJ = tan! Al tan! = 63°.43 


oJ 50000 . 
And ` 
4 ACG = £4 AOJ - 4 NOJ = 2.2 

4 OAF = Z OAJ - Z FAJ = 21°.84 

L PGK = Z OAF 4 Z ACG = 23°.96 

By assumption, Z POK = 23°.96, Z PAK 
= £4 OAJ = 24°.45 

LP = Z PAK - POK = 0°.49. 

This is almost equal to LP = 0°.49 
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Hence Z POK =Z PGK - ZP = 23.47 = 237.5 
approx. -- (2) 
l Thus true altitude of celestial. nórth pole is 
23'.5 which is almost same as latitude of Ujjain 
(23'.90) It is exactly equal to the inclination of 
earth's equator with ecliptic 23'28' instead of 23'27' 
at present. 

In this figure, obliquity of ecliptic Z PGK - 
23'.96. But at maximum north krànti sun is 
overhead at latitude 23'.47 due to error in actual 
shape of earth. 

l Motion of sun - Terrestrial colatitude of O is 
OF as- 
'F is north extremity of earth's axis 


= OJ - FJ = 45000 y = 720 Y 
500 : sce 
where Y = ar (Tiloya pannati units) 


Let 6m be maximum declination of sun and 
therefore 

$ = Om is latitude of observer at O. 

90° - dm = 720 Y - - - (3) 

Sun moves from inner most mandala (summei 
solstice day) upto outer most mandala (winter 
solstice day) over a distance of 510Y and vice versa. 


Hence 2 óm = 510 Y - - - (4) 

Solving (3) and (4), we have- 

Om = 23/.54 = 23'.5 approx - - - (5) 

= Latitude of observer at O - - - from (2) 


Conclusion : (1) Flat earth OFJC is inclined 
to equatorial plane at angle FOW = ZFAJ = 2°.61 
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(ii) Circumference of Jambi dvipa coincides 
with parallel of maximum north declination of sun. 
Axis of meru is instantaneously taken such that 
OJ = 50000 y wherever O lies on periphery (23°5 
N). Earth’s true axis- passes through hypotenus of 
cone by meru, hence true radius of Jambi dvipa 
= 45000 y. 

(iii) Meru is an astronomical model for 
explaining attitude of celestial north pole as shown 
above. This view is further supported by the fact 
that the famous Kutuba minara in Delhi is situated 
at 28°31’28” north latitude and inclined at an angle 
of 5°1’28” to the vertical to south, i.e. perpendicular 
to 23°30’ north latitude. Sri Kedar Nath Prabhakar 
explains in Varahamihira Memorial volume that 
Kutubminàra is a model of meru at scale of 1 yard 
- 1000 yojanas. Inclination of Kutubaminàra is 
equal to inclination of lunar orbit to the ecliptic. 
Thus its location is maixmum north latitude of 
moon. Hence kings of Delhi were called 
Candravamái. - 


(4) Source of height of meru mentioned here 
is not Known. Candra$ekhara has not mentioned 
as to which sastra he has quoted. However, 84 
yojana a figure appears to be 84,000 yojana of 
puráànas. he has ommitted thousands because it 
will far exceed radius of earth. Even 840 yojana is 
equal to radius of earth. 


Since Jambüdvipa is from 237.5 N to 90°N 
only, the deva bhümi or north hemisphere is extra 
land from equator to 23°.5 N latitude. Jambüdvipa 
is thus most of Asia (above 23'5 N) and most of 
north America. Amoung southern land masses, 
parts of south America and Africa are north of 
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equator, whch are estimated here 1/12th of north 
hemisphere. 

Oceans of water or sand (desert) serve as 
natural boundaries between continents. They are 
further subdivided by natural boundaries of moun- 
tains. Continents are called dvipa, its divisions by 
mountains are varsa. Varsa are further divided into 
janapada according to political and racial divisions. 


Verses 54-81 : Height and distance limit of 
vision. 

Varsa parvatas (mountains dividing con- 
tinents) like Himalaya are each 50 yojanas high. 
Their width also is only 50 yojanas. Thus a related 
mathematics is being explained. (54) 

From this method, we can find the distance 
of high objects like $anku or hills, their visible 
portions or their limit of vision on earth's surface 
can be found out. (55) 


Take a circle of any size and imagine it to be 
earth of (21,600) kala circumference (i.e. 360°). A 
$anku of desired height is placed at its top. Its 
height is multiplied by 21,600 - - - (56) 

. and divided by circumference of earth. 
Result will be $anku named sanskrta. This sanskrta : 
$anku is kept at two places. At one place it is 
multiplied by trijya and at other place it is added 
to trijyà. Sum is divided by product at first place. 
(57) 

Result will be utkrama jyà. Its chord will be 
distance of visible limit is kala. If it is multiplied 
by circumference of earth and divided by kalà of 
circle (21,600) Then (58) 
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result will be distance from which $anku 
can be seen. If utkramajyà is less than 7, another 
method is followed. It (utkrama jya ) is substracted 
from trijya. Square of remainder is again sub- 
stracted from trijya. Square root of the remainder 
will be the chord of utkramajya. (59) 


If utkrama jyà chord is more than its arc, 
then its value is taken in vikala. (60) 

Example : Height of himalaya is assumed .to 
be a Sanku of 50 yojanas. (61) 

It is considered to be placed on circumference 
of earth of 5026 yojanas. By the method explained, 
its sanskrta $anku will be 225 kala (62) 


By calculation at two places, its utkrama jya 
‘is 202. Its arc 1182 is the limit of visibility in kala. 
In yojana, it is 275. (Then 50 yojana high Himalaya 
can be seen from a distance of upto 275 yojanas). 
(63) 

Distance between observer and observed 
($anku) is. multiplied by kala of a circle (21,600) 
and divided by circumference of earth (5026). It 
will be bhuja kala. (64) 

If this bhuja kala is less than 3 ra$i, then 
observer can see the $anku. Square of bhuja kalà 
jya is substracted from square of trijya. Square root 
of the remainder will be koti jya. (65) 

This koti jya substracted from (3438) trijya, 
will be utkramajya. Then sanskrta $anku is multi- 
plied by kotijya and divided by trijya. (66) 

It gives sphuta Sanku. It is not seen, if it is 
less than utkramajyà. Its excess height over 
utkramajya is seen over the obstructed part. (67) 
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Utkramajya substracted from sphuta $anku is 
dráya jya (jyà of visible portion). Dr$ya jyà is 
multiplied by trijyà and divided by jyà of difference 
between observer and observed. We get unnata 
jya. (68) 

Arc of this unnatajya is visible portion of 
$anku over horizon of observer. This is multiplied 
by circumference (of earth) and divided by lipta of 
a circle (21,600). (69) 

Result is visible portion of $anku i.e. 
dráyonnati. This dr$yonnati is multiplied by trijya 
and divided by kotijyà to get visible portion height 
in yojanas. (70) 

Again utkramajya is multiplied by circum- 
ference of earth and divided by (21600). Result is 
multiplied by trijya and divided by kotijyà. (Result 
is unseen portion of $anku. (71) 

Example of Puri : Assume Nilacala (Puri) 
located 161 yojana south of Himalaya mountain 
base as place of observer. (72) 

For 161 yojana distance, bhujakala is 692, 
utkrama - jyà is 70 and kotijya is 3368. (73) 

Sanskrta $anku is 215, sphuta $anku 211, 
dr$yajyà 141 and unnata jyà. (705) - - - (74) 

Arc of unnatajya (710) is unnatakala, 
dr$yonnati 33 and sphuta dr$yonnati is 34 . . (75) 

Visible portion is 16 yojana. Hence from 
Nilacala, Himalaya will be visible 12° above horizon 
(arc of 16 yojana). (76) 

These mountains are not visibe due to 
_ obstruction by smoke, dust, frost, or cloud from 
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such a far distance. But many stars of polar fish 
are obstructed by Himalaya. (77) 


That gives indication that himalaya is situated. 
But this doesn't really prove the height, length 
and width of himalaya, NakSatras can be obstructed 
by cloud also (even if himalaya doesn't reach that 
height). Real height of himaàlaya is only 1/40 part 
of this value (50 yojanas). (78). 

Thus, if himàlaya is assumed to be a $atku 
of height 20,000 hands (30,000 ft.), then its sanskrta 
$anku is 322 vikala, whose utkrama jya also is 322 
 vikalà (i.e. 5 kala 22 vikala). (79) 


Its arc will be 192 kalà, hence visible limit is 
89 kosa: (44-1/2 yojana). Hence himàlaya can be 
seen only from a distance upto 89 kosa from. its 
base. (80) l 

Kulācala (mountains dividing varşa into 
janapadas) Mahendra parvata is only 1/8 as high 
as Himalaya. This can be seen from a distance upto 
30 kosa from its base. (81). 


Notes (1) 


P o Q 


Figure 3a - Visible distance limit from height 
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Figure 3a shows half portion of each circle 
PAQ with centre at O and radius OA = OC = R 
= 3438 kala. 


AB is $anku of height h which is visible upto 
point C.on earth's surface. Then BC is tangent to 
cirde and OC is perpendicular to it. Angular 
distance C from base A of $anku is ZAOC = 0 

In AOBC, ZC = 90, 2050- | 

OB = OA + AB=R+h, OC- R 

cos? = e = R 

= OB R+h 
=- or, h cos = R (1 - cosb. ) = . Utkramajyā of 0 
.or, Utkramjyà of 0 
hR 
Ren oo 

Since R is expressed in kalà as well as 
utkramajya, h is converted to kala. If -height in 
yojana is H then . 

. Hyojana circumference of earth in yojana 
hkalà -Circumference kala (21,600) 
EN : H x 21,600 - -.- Q) 
Circumference yojana | 

Thus the steps in calculating AC are - 

(1) Conversion of H yojana into h kala by (2) 

(2) Multiplying h by R and Saee by h+R 
to find utkramajyà by. (1). 

(3) From utkramjya of 0 we find 0 from its 
chart 


= h cos@ = 


. AC _ Circumference yojana 
(4) Now -p = 21,600 
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gives AC in yojanas. ` | 
When utkramajyà is less than 7, there is. no 

smaller angle divsion for which its value is known. 

Then we substracted it from trijya R to get 
R - utkramajya = R- R(1- cos 0; - R cos 0 
Then R? - (R cos 0. = R? sin? 0 

' Taking its square root we get R sin 0 which 

„is almost equal to kala Ofor every small angle. 
(2) Bhujakala is obviously less than 90° (3 

ra$i) as LOCA = 90° for point B of $anku of any 

height to be visible. 
We find the minimum height of $anku visible 
from angular distance by the reverse process. 
R cos 0 = VR — (R sin 0? 
R- R cos 6 = utkrama jyà of 0 = X (suppose) 
This should be ual to h cos 0 = sphuta 

Sanku 

h X kotijyà. 

7 Trijya 

i.e. we can see the minimum height h=X/ 
cos 

If height L is less than that we cannot see. 

If L is more than that then h Pernon is obstructed 

and we see the 

remaining portion. 

L-h = L - X/cos@ - 

--@ 
.Sphuta -sanku 

for L is L cos0 

Then dr$yajyà 

= L cosO-x.... (4) ° 


Figure 3 b - Visible from height from distance 
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In fig 3(b) AD = L, 

AB = h is obstructed from C and we see BD 
= L-h. 

However angular elevation of BD from 
horizon CB is equal to BN which is perpendicular 
to CD. BN is almost equal to arc at B. 

ZBDN = ZOBC approximately as BD is 
small = 90° - 0 
. Hence BN = BD sin BDN = BD Sin (90°- 0) 
= (L-h) cosó. = L cos@ - X = dr$ya jyà as found 
in (4). 

Visible height L-h is given by drSyajya/cosé 
as given in formula. Obstructed portion AB is 
found as reverse process of the limiting distance. 

(3) Since radius of Jambüdvipa is assumed to 
be 50,000 yojanas, the var$a parvatas, dividing it 
into sectors should be equal to 50,000 yojanas. 
Then they will extend from ocean to ocean if they 
completely divide the continents. Thus himalaya, 
theoretically is assumed to touch ocean in both 
ends. See Kumara sambhava of Kalidasa, Ist verse- 


wegen feet qaare RAA 3m mrs: à 

qai Aada ore: fera: gférear ga mque: u 

ie. Himalaya touches ocean both in east and 
west and as such it is a scale to measure earth, 
in the sense that it is a standard for division of 
continents. We may assume that the extended 
direction of himàlaya or other varsa parvatas in 
both direction upto ocean are the dividing lines. 

Thus height of mountains is not their height 
from earth's surface, it is their distance from north 
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pole along bifurcating lines of continents. Hence 

all are same, if continents are circles. "e 
Even the reduced figure of 50 yojana height 

of himalaya is too much as felt by. calculations 

here, Its highest peak is 29000 feet which has been 

taken as 30,000 ft. or 20,000 hands approximately 

here. This is almost directly north from Puri. 
o 


Figure 4 - Meru in purana i 
O Meru of 84 or 84000 yojana height of 
. purāņas is shown in figure 4. 
OC is complete height of meru = 84 yojana. 
Its base at surface is EBE' - 256 yojanas. Its base 
below earth is DCD’ = 320 yojanas l 
= If E M is perpendicular on: DC, then EM = 
BC is height below surface which is 16 yojana 
according to puranas. 
DM = DC - EB = 1/2 X 320 - 1/2 X 256 = 160 
- 128 - 32 yojana 
In similar Triangles EDM and AEB, 
AB EB AB 128 


icri ci MCN or a, oo 


EM DM 16 2 
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or AB = 64 yojanas 
Thus AB + BC = 64 + 16 = 80 yojanas only 


; and 4 yojana extra height OA remains over tip of 
“cone. Reason for this model is not understood. 


o 
"Figure 5 - Visibility limit 

(5) Simpler formula for visible distance - 

Much simpler formula can be derived without 
“use of trigonometry. AC = BC approx = d. in 
‘Figure 5 i 

. Then OB? = OC? + BC? 
` or (h+R)? = Rè + d 

or d? = h2+2 hR = h (h+2R) 
l If h is very small compared to R, then h + 
2R = 2R 

and d? = 2 Rh or d = v2Rh 


Verses 82-87 : Meru and Kumeru 


Meru has 84 yojana height and 256 yojana 
extent width. Then the gods situated at end of 
Amaravati (last portion of Meru) will not have 
night, even when sun is in south kranti. (82) 

; Becuase its lambāmśa will be 11°30’ (aksamáa 
78° 30") and drstámáa (vision limit) will be 25° (for 
84 yojana height). On this arc, sun at southernmost 
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position also will be seen 13° above horizon. Thus 
it cannot be said that gods do not see sun for 6 
months. (83) 


On equinox day (when sun has 0° krànti), 
then in part éclipse of moon, shadow of meru 
within earth’s shadow will be 4 kala more. Hence, 
height. of meru should be less than Himalaya. 
(84-85) 

Sailors in ocean, see dhruva (pole star) above 
their head, but don’t see meru. This doesn’t mean 
that meru doesn’t exist. (86) 


Meru is abode of gods and Kumeru of asuras 
(dernon) Due to their maya (illusion), they are not 
visible like gods and demons, meru and kumeru 
also can be seen only by their worship and grace. 
(87) 


Figure 6 - Sun from meru 
Notes : N is north pole, M is top of Meru. 
In figure (6) 
ZNOM = angle of half extent of meru 
= 128 yojana = 11°30’ 
Height of M is 84 yojana (Meru is taken flat 
top here, not conical) 
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Hence ZMOV = 


S is southern most ee of sun, E is 
equator. 


Then OSX is direction of sun. sk - 23-1/2° 

LEOV = Z NOE - Z NOM - 4 MOV 

= 90° - 11°30’ - 25° = 90° - 36°30’ 

Then ZSOV = ZSOE + ZEOV = 23-1/2° + 
90° - 36°30’ = 90° - 13° 

Hence Z VSO = ZXOV' = 90° - (90° - 13°) 
= 13°. Thus sun will be 13° above horizon from 
M or V. 

(2) 


Radius of shadow Meru shadow 


Radius of earth Meru height 

^. 84 x 33 Kala 

or Meru shaodw = — Wü 95 4 Kalà approx. 

This can be seen on mooh only in part eclipse 
against bright portion of moon. Neither shadow of 
meru is seen, nor it is visible to sailors, because 
it is not a mountain at all. It is a projection of 
earth's axis. 


Verses 88-91 : Location of India. 


(Southern) Coast of Jambüdvipa is at average 
distance of 270 yojanas from equator, but this 
distance is not uniform every where. (88) 

Kumari antaripa (Kanya Kumari) is in nairrtya 
. (south west) direction from Nilacala (Puri). Dvaraka 
is in vayavya angle (north west) from Kumari. 
Again Puri is east from Dwaraka. All the. „three 
places are on coast. (89) Digo 


Thus the triangle formed by these three places 
is in southern part of India (Bharata varsa). Again 
by seeing the .difference (distance) between east, 
west and central portions, it is clear that (90) - - - 


850 Siddhanta Darpana 


Bharata is shaped like a conch shell (Sankha) 
Therefore, Jambüdvipa is not circular. Similarly 
oceans also are not circular (as stated in puranas) 
(91) 


Verses 92-98 : Variations in oceans 


Oceans also are of diffrent shapes and areas. 
They have been named as eastern, western, 
southern and northern. They have been named. 
differently at different places. (92) 

In lavana (salt water) ocean there are more 
than hundred islands. It is learnt that more than 
100 crore people live in earth. (93) 

In 1 kalpa, earth sphere increases by 1 yojana 
in all directions, this principle has been well 
established. This is average increase, and actual 
increase differs from place to place. (94) 

In many directions soil is eroded to different 
extent due to wind, ocean, rains and river flow. 
(95) 

Due to unequal erosion, sometimes small and 
large islands submerge in water, sometimes they 
arise from ocean. Their shapes also change. (96) 


Still this change of land mass or ocean doesn’t 
change the spherical shape of earth. There is only 
change of place between land and sea. (97) 

galt water ocean is partly mixed with milk 
and curd at some places. Oceans of pure milk or 
curd stated in puránas don't exist anywhere. (98) 

Notes : Population of earth at present is above 
500 crores. There is no evidence of increase of 1 
yojana radius of earth in a kalpa, though miniute 
quantity of meteors are added. Due to change in 
salt content, depth, currents or waves and im- 
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purities there is slight change in colour of rivers 
or oceans. To highlight those changes, they have 
been named as red sea, blue nile, ocean of milk 
etc. 


Verses 99-108 : Discussion on meru 


There have been many changes from the 
creation. Earth as described in old siddhàntas and 
the situation at present time are different (99) 


(Adi yamala) The meru mountain at centre of 
earth on one of whose hills, there are 33 crore 
gods as described in puranas, is only heard now, 
but not seen anywhere. (100) 


(Sürya siddhànta) : From centre of earth two 
meru mountains extend in opposite directions. 
They are golden and contain many jewels (101) On 
north meru, Indra and other gods and sages reside. 
On lower (south) meru or kumeru, demons 
(asuras) anti to gods reside (102) Around both 
merus, ocean has surrounded earth along its whole 
circumference. They divide the regions of gods and 
demons very distinctly. (103) 

Devas live on sumeru and asuras on kumeru. 
The greatest circumference at equal distance from 
both is called equator (or circle with zero latitude). 
(104) 

The circles parallel to equator, become succes- 
sively smaller in direction of either meru. They are 
called akéàmáéa (latitude) lines. The line between 

-two merus cutting these circles is called de$antara 
(longitude) line. (105) 

Thus the lines which have been assumed on 
celestial sphere, have been assumed on earth's 
surface also. The place on earth, where line from 
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earth centre to celestial line meets, is the location 
of that line. (106) 


As there are ‘cakras’ (nerves centre in energy 

body) in human body (6 cakra in spine and one 
-at top of head), in the universe as grand body of 
god also, seven lokas are situated in its spine like 
‘pravaha’ "wind. (107) 

Meru in sky has been supposed to be support 
of all lokas (worlds) by scriputres. It is said to be 
very windy. Its base is within water and it has 16 
tops. (108) 


Verses 109-112 - Hints on geography - 


Earth is called 'Hiranmayi (golden, or full of 
energy or gems). It is viewed as a spherical body 
like bowl. Its first cover is land or soil. Beyond 
that, successive layers exist, each being 10 times 
the previous. (109) 


Next to land is the layer of water, and at last 
there is prakrti (energy field). Countries (seas, 
towns, etc are generaly described in bhügola 
(geography) only. (110) 

Hence only a brief hint of that subject has 
been given here in a text of astronomy. Later on, 
in gola chapter, their real measures will be stated. 
(111) 

For satisfying curiosity, and identifying loca- 
tions of various places on earth, many verses are 
quoted from the standard text 'siddhànta siromani’ 
(by Bhàskara H). (112) 

Verses 113-152 : Geography quoted from 
Bhaskara - At the centre of earth, on equator, is 
located Lanka. East from Lanka (90^ E) is Yamakoti 
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pattana, at same distance in west in Romaka 
pattana. Just below Lanka (i.e. at 180°) is Sid- 
dhapura. In north of Lanka (at 90°) is sumeru 
(north pole) and south is south pole. (113) 

All these six places are at 1 quadrant from 
each other. Sura (gods) and siddha (sage or adepts) 
live in meru. At Aurva or Badavanala’ (south pole 
- kumeru), asuras live. (114) 

Wherever a man is located on earth, he thinks 
earth as below and himself as above. He considers 
places at 90° distance as oblique. (115) 

As we see reflection in water vertically 
downwards, men on earth at 180° from each other 
see themselves as upwards and the other as head 
down wards. But as we are steady at our position, 
the persons at oblique and down places also sit 
like wise. (116) 

North of salt water ocean is Jambüdvipa (the 
great jambü continent), which is half of the earth 
(or half the land mass). Opposite to it in south 
hemesphere there are salt water and other oceans 
and 6 dvipas (continents) (117) 


First lies lavana (salt water) and then káira 
(milk) ocean. From milk ocean moon and Laksmi 
arose. Vasudeva himself resides there, whose body 
is the whole universe. All the gods including 
Brahma (creator) worship his feet. (118) 


After milk ocean, lie curd (dadhi), ghee 
(butter), sugarcane juice, wine and lastly fresh 
water oceans at increasing distances. Within this 
fresh waters ocean lies Badvànala (fire within seas) 
or southpole. Deep places on earth are called 
Patala. (119) 


854 Siddhanta Darpana 


In patala loka asura and serpents (sarpa) live. 
That is lighted by mani (jewel) in head of sarpas. 
Siddhas roam about with their jewel of virtues. 
Then the gold ornaments of their bodies shine. 
Beautiful bodies of siddha and divine ladies are 
always shining with brightness of ornaments. (120) 


All seven oceans are circular (ring shaped). 
There are six continents interspersed between 
them. Continents are named as Saka, Salmali, Kuáa, 
Kraufica, Gomedaka and Puskara. Another name 
for gomedaka is plakSa. (121) 


North from Lanka is Himalaya, then 
Hemaküta and Nisadha mountains. Each extends 
upto ocean. Again from Siddhapura, northwards 
lie Srngavana, Sukla and Nila mountains. The 
countries between two mountains are called ‘droni’ 
(trough) countries. (122) 


North from Lanka, first comes Bharatavarsa, 
then Kinnar de$a, then Harivarsa. North from 
Siddhapura are kuru, Hiranmaya and Ramyaka 
versas in order. (123) 


North from Yamakoti pattana is Malyavana 
and North from Romaka is Gandhamadana moun- 
tains. Both mountains extend upto Nila and 
Nisadha mountains respectively. Region between 
Nila and Nisadha is called Ilavrtta varsa. (124) 


Region between Malyavana and ocean is called 
Bhadraturaga. Geographers call the land between 
Gandha-madana and ocean as Ketumalaka varsa. 
(125) 

[lavrtta varsa is surrounded on four sides by 
Nisadha, Nila, Gandhamadana and Malyavàna. In 
this large country devas live happily in their 
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houses. Soil of this land is beautiful and strange 
and contains gold mines. (126) 


At its centre lies Meru mountain. Its soil is 
golden and according to Purána knowers, it is 
abode of devas. This mountain itself is the stalk 
of lotus like earth from which Brahma had taken 
birth. (127) 


There are four viskumbha (branch) mountains 
of Meru - Mandara (mandaracala), Sugandha 
(Gandha madana) Vipula and Suparsva. They 
abound in, respectively Kadamba (Ficus Kadamba), 
Jambu (Eugenia jambolana), Vata (Ficus Bengalen- 
sis) and Pipala (Ficus religiosa). (128) 

From the fall of juice of ripe jambü fruits, 
one river of jambü juice has formed. In contact of 
this water, soil turned to gold. Deva and siddha 
like its water so much that they leave even drinking 
of nectar also. (129) 


Below the four branch mountains of Meru, 
there are four forest regions. Caitraratha is very 
picturesque, In Nandana forest apsara (deva girls, 
literally, ladies moving in water) play. Dhrti forest 
gives ‘dhairya’ (patience) to gods. Vaibhraja is very 
interesting. (139) 

There are four lakes in these four forests 
Aruna, Manasa, Mahahrada and Sveta - dala. When 
deva women are tired, they enjoy in these lakes. 
(131) 

There are three top of Meru - each is formed 
of jewels and gold. On the three tops are the pura 
(towns) of Visnu, Brahma and Siva. Below these 
tops lie the towns of Indra, (kings of gods), Agni 
(fire god), yama (Death god - Jama$ida of Persians), 
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rakSasa (a race of man in direction of Africa - south 
west from India), Varuna (Tàj or Arab race), Pavana 
(north west direction), Kubera (wealth god) and 
Siva. (These are in eight directions from India 
starting from east clockwise - and called lord of 
those directions). (132) 


From feet of Visnu, Ganga river first landed 
on Meru. From there, it was divided into four 
parts, and proceeded below four branch mountains 
through their four lakes. (133) 

Sita ganga in Bhadraéva varsa, Alakananda 
(Ganga) in Bhàratavarsa, VakSu gangà in Ketumala 
and Bhadra gangà in north Kuruvarsa. (134) 

Many sinners are purified by Ganga - by 
listening,. desire to see, seeing, touching, bath, 
drinking water, devotion, memory or praising. (135) 

"ast by proceeding towards Ganga, the 
bondage of pitr rna (debt of forefathers) is broken. 
Man jumps with joy as soon as he reaches banks 
of Ganga and wins over agents of Yama (death). 
By entering water, he is free from hell and enters 
heaven. (136) 


There are many parts of India - Indra, KaSeru, 
Tamraparna, Gabhastimàn, Kumarika, Naga, 
Saumya, Varuna and Gandharva. (137) 


Varna order (4 codes of conduct) exists only 
in Kumarika khanda. There are 7 kulacala (moun- 
tains dividing the Kula or races of man) 
Mahendra, Sukti, Malaya, Rkéa, Pàáriyátra, Sahya 
and Vindhya. (138) 

The place of zero latitude is called equator. 
Region near equator is called bhū loka, north region 
is called ‘bhuvar loka’. Meru is ‘Svah’ loka. Above 
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that lie the lokas of Mahah, Jana, Tapa and satya. 
(139) 

. When it is sunrise at Lankà, it is midday at 
Yamakoti, sunset at Siddhapura and mid night at 
Romaka.. (140) 


Rising direction of sun is called east and 
setting direction is west. The directions between 
east and west are north and south on either sides. 
Four angle directions are bisectors of the angles 
between four directions. Meru is north from all. 
- (141) 

Yamakoti pattana is 1/4th circumference (90°) 
east from Ujjayini. But Ujjayini is not exact west 
from Yamakoti. Lanka is exact west from Yamakoti. 
(142) 

It appears thus, that a place may be east from 
first place, but first place may not be west from 
that. Only on equator, this strange thing doesn't 
happen. (143) 

On equator, a man sees both poles, sumeru 
and kumeru on his horizon towards north and 
south. Kranti vrtta (ecliptic) is above his head like 
a water instrument (for measuring time). (144) 


. As a man proceeds north from equator, kranti 
vrtta progressively dips towards south, and north 
pole rises above horizon. Altitude of north pole 
above horizon, or dip of ecliptic below zenith is 
exactly equal to the akéamáa (latitude) of the place) 
north of equator. (145) 


Distance from equator in yojana is multiplied 
by 360 and divided by circumference of earth. It 
gives aksamSa of the place. By doing reverse, we 
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can find the yojana distance of equator from 
akśāmśa. (146) 

As the people at sumeru, see north pole 
vertically above, similarly at kumeru, south pole is 
seen at zenith. In north pole ecliptic is seen moving 
in left (clockwise) direction. At south pole it looks 
moving in right direction. (147) 

Due to matter expelled from earth (in volcanos 
etc.) radius of earth increases by 1 yojana in all 
directions in a kalpa of Brahma. In night of Brahma, 
this increase is nullified. (148) 


Daily death of living beings is called daily 
pralaya. When whole creation merges in body of 
Brahmà after end of his day (kalpa), it is called 
Brahma pralaya. (149) 


After Brahma completes his life period, whole 
creation merges in nature (Prakrti - Energy field). 
All distinction between matter ceases. Mimànsakas 
(thinker - one of 6 branches of philosophy) call it 
Prákrtika pralaya. Again, at the time of creation, 
prakrti creates distinction among particles. (150) 

Yogis burn their good work and sins both in 
their fire of realisation and engage their mind 
wholly in god. They are totally merged in god and 
don't desire to come into world again. That is 
called atyantika pralaya. Thus there are four types 
of pralaya - daily, brahma, prakrtika and atyantika. 
(151) 

Thus these verses have stated locations of 
earth, mountains, deva, dànava, mānava, nakSatra, 
graha and their orbits, lokas mahas, jana tapa etc 
one above other. They are all located in the interior 
of universe (stomach like cosmic egg - brahmànda). 
(152) 
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Notes : (1) There is great confusion about 
lokas, dvipas etc. and purànas are not consistant 
in their description. They do not describe the 
present cofiguration of continents. However Jain 
astronomy indicates that Jambüdvipa is the earth 
north of 23-1/2°N latitude and Meru is axis of 
earth's rotation. In that context meru and kumeru 
are very clear as north and south poles of sky. 
However, on earth, the Meru mountain is con- 
sidered to be 'Pamira' plateau from where 4 great 
mountain ranges like Himalayas spread. 

Thus Jambüdvipa means most of Asia and 
complete Europe and North America except Mexico 
south portions (Central America). Other dvipas are 
other peripheral regions of Jambüdvipa or southern 
continents like Australia, South America and Africa. 
It doesn't include Antarctica (south polar continent) 
which is said to contain ‘badavanala’ i.e. ocean fire 
- which may refer to land mass below cold ice or 
water. 


Seven lokas in tantra are seven levels of man’s 
existence or seven levels of physical, shadow or 
energy body etc. However, Brahmavaivarta puràna 
tells 7 lokas in svarga (i.e. north hemisphere) or 
Jambüdvipa 

Bhu, bhuvar, Svar (Kasmira or Tibbet), Mahar, 
Tapa (Steppees) and satyaloka (snowbound polar 
regions) These are northwards from equator. 


At base of meru (down ward portion kumeru), 
there is town of Ananta (Sesa naga) who holds 
the earth. Ananta is 'Antarctica and the town in 
that direction is Tiru - Anantapura in kerala which 
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is almost southern most town of India. South of 
it there is no land mass except Antarctica. 

In lower regions (south hemisphere) or lower 
from Pamira, there are seven patala - 

Atala, vitala, sutala, Talatala, Mahatala, Patala 
and Rasatala. (lowest region). 

` From Pamira, rasatala corresponds to Amajon 
river in Brazil. S. Muzaffar Ali has opined that tala 
means incline, which is also indicated in puranas. 
This has become ‘Iklima’ in Hebrew and Arabic, 
clime in Greek and climate in English. If the regions 
are successively south of‘equator they are definitely 
climatic regions. However, viewed from Pamira, 
they start after end of Eurasian continent. Thus 
according to Bhagavaddatta, . Talatala is north 
African region where a town Til-at-tala (amarna) 
still exists. Atala is Italy and corresponds to old 
Atlantis contient and present Atlantic ocean. 

8 Towns of Indra etc. are on eight sides of 
Meru (or Pámira). Varahamihira opines that these 
directions are taken from central poriton of India, 
Ujjain. Thus Indra is east (Burma and Thailand - 
Irávati river). Agni region is Australia or Indonesia. 
Yama region cannot be in exact south hence it may 
mean .Australia and New Zealand. South west 
(Nairrtya) is Africa, West varuna is Arab land. 
Bhagavaddatta also opines that old name of Arab 
race is Taj, derived from Varuna (yàdas). Northwest 
is marut (windy areas of central asia). North is 
Kubera i.e. Tibbet and its north. North east is 
China, Japan (iSa) - of Mahe$a. Muzaffar Ali opines 
Hwang-Ho as Maha ganga. 
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Figure 7 - Jambüdvipa of Puranas 


Location of cardinal towns : Lankà is south 
of Ujjain at equator by definition. The country 
named Lankà is very close to it, but slightly 
towards east and north. Hence Lanka has been 
assumed point on equator on longitude of Ujjain. 


Yamakoti and Romaka have been described 
as pattanas (i.e. ports). Hence they must be coastal 
towns 90° east and same longitude west of Ujjain 
75'54" E. Thus Romaka pattana could be Conakry 
of Guinea in west Africa which is a. port at that 
longitude and close to equator. 'Conakry' like 
‘Konark’ means a port. Yama means south direction 
and Koti is end point of a land mass protruding 
in sea. That is south western tip of south island 
of New Zealand or south eastern tip of New 
‘Celedonia (Nouma) which is also a port very close 
‘to south tropic near equator. Nauru island is almost 
hear equator at that longitude, but it is not a Koti, 
but a coral island. However, it is very close to 


862 Siddhanta Darpana 


Kiribati islands where huge stone structures are 
found. At the location of Siddhapura, the town 
nearest to equator is west of Mexico - At present 
near lake Chapale or Guadalajara town. Nearby 
huge pyramids exist which were constructed to 
mark the end of east direction as remarked in 
Valmiki Ramayana (Kiskindha Kanda). 

At angle direction in south west is abode of 
Rakéasa - 45° west from Ujjain are the great 
pyramids of Egypt. Neighbouring Libya was named 
after Prahlada son of the first Daitya king Hiranya 
kaSipu, who ruled before gods. North of Libya are 
‘Daitya’ lands i.e. Deutsch land (Germany) and 
Dutch (Netherlands). That was approximately 
‘Atala’ loka ruled by Prahlada (around Italy). 


(3) Seven continents : All seven continents 
are interprated within Eurasia and Africa by various 
scholars. However, the description of Jambu dvipa 
means that it includes most of Eurasia and north 
America. The diagram in Fig 7 indicates that 
Jambüdvipa has following parts 

Asia - From north-Ilavrtta - Scandinavia, 
Siberia, north Russia, Nisadha is Varkhoyansk 
range (varsa parvata) in Siberia, Urala mountains 
(north Russia) Kjolen mountains of Sweden may 
be its west boundary. Then comes Harivarsa 
(Russian and Mangolian planes). Hemküta is Altai, 
Nan shan ranges in China. Then China, Tibet area 
is Kimpurmsa varsa, whose mongoloid features 
have given the name Kinnar or Kimpurusa (Are 
they man?). Then is Bharata Varse North Mexico, 
i.e. present Mexico, Texas etc are Kuru. Mexico 
plateau is Srngvana, middle Rockies and Ap- 
palachian mountains are Sveta or Sukla (white 
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mountains). Plains of U.S.A are Hiranyaka varsa 
(‘Red’ Indians). North Rockies and Labrador are 
Nila mountains. Candian plains are Ramyaka varsa. 


Above Yamakoti, there is no land mass. Hence 
only one mountain has been .named, which may 
be 'Sikhote Alin' range east of Siberia. Thus 
Bhadràéva varsa may be China, Japan, Korea and 
east Siberia. 


Above Romaka pattana also is only one 
mountain range Gandhamadana. First range is 
Atlas which continues through Spanish plateau to 
Alps. Ketumàla may be west Europe and north: 
Africa. 


Other dvipas should start from south 
perlphery in east or west of Jambüdvipa or south 
of Mexico. 


(2) Kuga Dvipa is almost universally accepted 
as Africa. Egypt was called Ku$a in earlier days, 
Ethiopians call themselves Ku$a. Muzaffar Ali 
opines Persia to Isreal as Ku$a including north 
Africa. Himalayas in Afganistan are called Hindu 
Kua i.e. Indian part of Kua. It is by nature grass 
land or desert. 


(3) Saka Dvipa is south east Asia which 
abounds in Teak trees accordig to M. Ali. (Saka 
means Teak). It might also include land upto 
Australia and New Zealand, including Indonesia. 


(4) Salmali dvipa is identified as south and 
.€ast Africa. It included Madagaskara - Harina dvipa 
Of puranas or Sankha dvipa (Zenj of Arab) 
Zanjibar i.e. Tanzania coast. 


(5) Kraufica dvipa - It is named on mount 
Kraufica. Mahabharata. tells it west from Meru, 
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(12, 14, 21-5) and in north (6-12). Brhat samhità 
and Ramayana locate it in the north. Kuśa and 
Kraufica are always mentioned together. It may be 
north west Europe according to Sri M. Ali and on 
similar considerations, eastern Canada and Green- 
land. It surrounds ghrtoda (butter like) sea i.e. icy 
seas between north west Europe and Canada. 

(6) Plakéa dvipa - It is mentioned as Gomeda 
in varaha, matsya puranas and siddhànta $iromani. 
It is named after PlakSa or Pakara’ tree which is 
characteristic of warm temperate or mediterranean 
islands. It is also in central America and Careabian 
islands. It is identified with fig tree. According to 
Wilford, the name still persists in Placia, a town 
in Mysia. There was a Peleasgi race in Cristone or 
Crotoen near Tyrrhanians in Itlay and Pelagsi who 
lived on shores of Hellespont. According to 
Herodotus they all spoke the same language. Sri 
V.V. Ayer identifies it with Greece and adjoining 
lands. The old names of America have been lost 
but it appears to be continued till central America 
through West Indies and old Atlantis. 

(7) PuSkara dvipa : It has two parts - one has 
no rain fall, no springs or vegetation. Other part 
is full of water, lakes. It has a huge circular 
mountain chain named Citrānśu in eastern half of 
dvipa. Western half is surrounded by another 
circular range named Manasa with Mahavita (as its 
spur covering outer rim) son of Manasa. Other 
purànas tell that there is a mountain range running 
through the whole of dvipa, dividing it into two 
parts. According to Mastya, Manasa is like a full 
moon rising near sea coast. 

Sri M. Ali identifies it with Korea and Japan. 
Other efforts are also unsatisfactory if we limit 
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ourselves within Jambü dvipa only. The mountain 
range on east coast is in Australia, which is 
actually ‘called the great dividing range and is 
almost semi circular. Mountains of west and central 
desert are not exactly circular but thé region 
between them is full of lake and rivers, while outer 
region is desert. 


It tallies better with South America which is 
totally divided from north to south by Andes 
mountain in west portion. This may be manasa 
range which is exactly semicircular from north coast 
to Bolivia. Guyana highlands are almost its con- 
tinuation which may be called son of Manasa or 
Mahávita. Circular mountains in east coast are 
Brazilian high lands which are called Citran$u due 
to extensive forest cover (hence colourful and 
picturesque). 

West of Andes is desert, but east and specially 
north east portion is full of water. 


Actually north America also is continuation of 
that mountain range. Rockies and Andes combined 
may. be called Lokaloka parvata as it extends from 
north pole to south polar region. Beyond that is 
Pacific, the biggest ocean, called sweet water ocean. 


(4) : Parts of India - The later descriptions, 
describe whole Jambudvipa within Asia only. M. 
Ali identifies the mountains of Jambudvipa as 

Nila - Zerafshan, Trans Alai, Koksal Tan, 
Tienshan ranges 

Sveta - Nura Tau, Turkistan, Altai, Atbashi, 
Akshai, Irak ranges 

Srngavana - Kara Tau, Kirghiz, Zailai, Ala 
Tau, Ketman 
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Ramyaka is between Nila and Sveta 


Hiranmaya is between Sveta and Srngavana. 
Uttara Kuru or Srngasaka is between Srngvan and 
northern ocean - the Arctic. 


Bhadraéva is Hwangho basin of north China, 
Ketumaàla is Oxus basin. 

Nine divisons of India are - 

(i) Indradvipa - Burma (Myammar now) 
'amara means deva whose king was Indra. (East 
of Brahmaputra) 

(ii) KaSeruman - Malaya peninsula - Between 
Mahendra and Sukti hills (Between Godavari and 
Mahànadi - M. Ali) 

(iii) Tàmraparna - Sri Lanka called Tambapanni 
in inscriptions of Ašoka, Taprobane in Greek. 
(Region south of Kaveri) 

(iv) Gabhastiman - Between Narmada and 
Godavari (M. Ali) Between Rkóa and Malaya 
mountains.Indonesia according to Cunningham. 

(v) Nagadvipa - Jaffna peninsula of Srilanka. 
Andaman & Nicobar, according to me. 

(vi) Saumya - Coastal Belt west of Sindha or 
Tibet 

(vii) Gandharva - Cis - Indus region - 
Gandhara or Kandhara of Afganistan 

(viii) Varuna - West coast of India (M.Ali). 
Western islands of Arab sea according to me. 


Cunningham suggests that these nine 
Khandas as the part of greater Bharatvarsa which 
included the islands and parinsula of East Indies. 
Thus he identifies them with Burma, Malaya, Java, 
Sumatra, Ceylon etc. 
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It is supported by the fact that ninth and 
main Khanda has not been generally named. it is 
called Kumar or Kumarikà Khanda where 4 classes 
and their rituals exist. 

(5) List of Janapada or Communities : Greater : 
India is assumed in shape of Kürma (tortoise) facing 
east and floating on water. 

Himalaya is varsa parvata defining the country 
- south of it and north of ocean. 


Sahya is a Kula parvata - western ghats 

Malaya - Kerala hills, also Malaya peninsula 

Mahendra - Eastern ghats. in’ Orissa and 
Andhra Pradesh or mountain rage north east of 
Burma. 

Pariyátra - Ring of ranges north of Narmada 
river (Aravali and west vindhyas) 

RkSa parvat - Modern vindhyas from source 
of Sonar to the eastern limit of catchment of Son 
river 

Mahadeo hills, Hazaribagh range and Raj 
mahal hills. 

Sukimat - north west of Mahendra, covering 
north west Orissa and Bastar region in a, semi 
circle. Source of Rsikulya and VamSadhara (M. Ali) 

, or India-Burma boundary. 


(i) Janapadas of madhyadeáa 
(a) Gangetic doab (corruption of dvipa) 
Kuru - West of Yamuna from Delhi north 
wards 
Jangala - Wooded north eastern part of Kuru 
ý and was called Kurujangala also 
E Pāñcāla - Rohilkhand and Yamuna Ganga 
1 doab. North Pāñcāla had capital at Ahicchatra and 
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south had at Kampila. They are Ram nagar in 
Bareli and Kampilya in Farukhabada distt. Ganga 
was boundary between two regions. 

KoSala - Sarayu Rapti doab, Ayodhya was old 
capital. 

Two later capitals were Sravasti (Sahet-Mahet 
near Balarampur) and Saketa 


Kasi - One of the 16 maha janapadas. Capital 
at Varanasi. South part of Ganga Gomati doab upto 
Son river in south part. 


(b) South of Ganga Yamuna 


Magadha - South of Ganga, east of Son and 
north of Vindhya hills upto Munger. 


Kuntala = Mirzapur region in south east U.P. 
(c) West of Yamuna - (western) 
Matsya - Alwar and Gurgaon districts 


Sürasena - Bharatpur, Dholpur - Karauli 
region 


Salva - Shekhàvati - Loharu, Bhiwari Region. 
Its part Bodha was Hansi, Hisar-sirasa tract. 
Bhuling was Luni river basin. Bhadrakara was 
region west of Araàvalis 
(ii) North Western Janapadas 


(a) Makaràn region - Angalok or Hingalaz - 
Shrine of Siva 


Pallava - Parikan river valley 


Bahu bhadra - Valley of Bahu river on whose 
mouth Gwador is situated 


DeSamanka - Valley of Dashta 


Harabhisika - Armabel town towards Indus 
delta to Gandava near Kalat 
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Carmakhanda - Mouth of Hab nver and 
Churma islands, inhabited by pirates 
(b) Baluchistan 
Kalatoyaka - Kalata, valley of Malla river 


Bahlika - Baluchistan - valleys of Bolon, Nari 
and Gokh rivers named Balistan also. May be 
Balkha of Persia. 


Vatadhana - North of Bahlika - Valleys of 
Zhob, Kundar and Gomal. Waziristan 


Toshara - Further north in valleys of Kurram 
and Tochi. 


Aprita - Further north, west of Pashavar - 
land'of Afridis. 


. (c) North mountain zone of Indus 
Gandhara - Lower Kabul valley (Kandhar) 
Satadruja - Valley of Swat river 
Darva - Valley of Panjakora. C pital at Dir. 
Kamboja - Valley of Kunar river 
Lempaka - Lamghan now - upper Kabul valley 
(d) North and north eastern mountains 

(Himalayan) 

Auras - Urusa or Hazara distt in N.W. Frontier 

`of Pakistan 


Darada - Tribe of Darada in Ki$anganga valley 
of Kashmir. 


KaSmira - Present Kashmir valley drained by 
Jhelum 


(e) West Bank of Indus 
Parada - Dera Gazi Khan distt of Punjab 
Sindha - Upto sea along Sindha river 


870 Siddhanta Darpana 


(f) East Bank of Sindha - 

Sidra - Dry bed of Hakra (old saraswati). 
Bahawalpur distt. Hakra and Sakkhar Town are 
corruptions of Sakra (Indra). These may be west 
boundaries of his empire. 

Sauvira - Rohri - Kharpur region of Sindha 

Abhira-West part of Hydarabad distt of Sindha 

(g) Punjab plains - 

Sainika or Pidika - Rawalpindi and Pindi Ghali 
region 

Jàngala - South half of Jhelum - Chenab Doab 

Kaikeya - North of Jangala Capital Rajagarh 
or Girivraja is modern Jalalpur. 

Madra - Ravi - Chenab Doab - Capital Sukel 
is now Sanglawala Tibba 


(iii) South Western Janapadas - 

Bharukaccha - Broach region - north of 
Narmada delta and south of Mahi 

Samahiya - Adjacent to Mahi river upto 
Sabarmati. 


Saraswata - Patan - Mehsana plain between 
Aravallis and Cutch. Drained by Saraswati river in 
past. 

Arbuda - North west of Saraswata - Sirohi - 
Kotra Palanpur, Kachika - Cutch 

Anarta - North Saurástra - Dwarka, Jamnagar 
etc 

Saurastra - South part - Jünàgarh, Somnath 
region 

Surala - Lower Tapti basin round Surat and 
Navasari 
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Tapas (Tamasa, Svapada) - Khandes - 
Bhusaval, Pachora, Jalgaon, Tapal etc. 


Turiyamina - Tapti valley between Badnur and 
Burhanpur (South Numar) 


Rüpasa - Middle and lower Purna valley 


Karaskara - Upper Purna Valley - Karasgaon 
and Elichpur towns. 


Nasikya - Around Nasik, Darna basin 

Sürparaka (Süryárka) Surya Valley, . Thane 
distt. Towns Safale, Mala, Sopara. 

Kala vana (Kolavana) - Kalvan town on Girna 
river, Girnà valley upto Chalisgaon 

Kuliya - Kim river valley 

Durga - Damanganga (old Durga) valley 

(iv) Eastern Janapadas 

(a) Middle Gangetic valley 

Malla - Doab of Gandaka and Rapti - Ganga 
(Gorakhpur) 

Videha - Gandaka to Ko$i river. Capital 
Mithila 35 miles north west of Vai$àli 

Magadha - East of Son, south of Ganga, north 
of Hazaribagh upto Munger. Capital Rajgir near 
Gaya 

Anga - East of Mokama and west of Mandar- 
giri, between Ganga in north and Rajmahal in south 
capital was Campa (near Munger) 


(b) Ko$rGanga and Brahmaputra-Yamuna 
Doab 


Pundra - Capital Mahasthan is 7 miles north 
of modern Bogra 
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Vanavasaka - North and south Karnara distts. 
ruled by Kadamba family. 

(b) Deccan Plateau 

Mahisaka - Modern Karnataka, Mysore region, 
upto Tungabhadra river (south Karnataka) 

Kumara - South portion, near Kumari cape 

Kui tala - Dharwar, Bellari, Anantapur, 
Raichur regions 

Maharastra - Bhima basin 

Kupatu - Modern Coimbatore and part of 
Salem 

A$maka - Valley of Goldàvari below con- 
fluence of Manjira, capital at Bodhan 

Maulika - Upper Godavari valley. Capital at 
Paithan on north bank. Parts of Aurangabad, 
Ahmednagar, Bhir and Prabhani distts. 

Paurika (Paunika) - Valley of river Purana 
which joins Godavari at Nander. 

Vidarbha - Basins of river Wardha and 
Penaganga which forms south boundary. 

Bhogavarddhana - Upper Purná river valley 
below Sahyadri parvat. Bhokardon is 20 miles south 
of Ajanta. 

(c) East coastal plain 

Pandya - South of southern Vallaru river 
(Pudukottai) to Kanyakumari. East upto Chola- 
mandala coast, west upto Acchamakovil pass near 
south Kerala. Madurai, Tirunelveli, parts of old 
Travancore. 


Cola - Caromandala coastal plain from Tirupati 
to Pudukottai. Karur and Tiruchirapalli. 
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Andhra - Delta plains of Krsna and Godavari 
rivers. 

Kalinga - Coastal plain from Godavari delta 
to Mahaànadi. Capital was Dantapura. Other cities 
were Rajapura, Simhapura (or Singapuram in 
Srikakulem) Kancanapura and Kalinganagara (Muk- 
halinglam on Vamáéadhaàrà banks) 

Savara - Valley of river Sabari - a left bank 
tributary of Godavari. 

Pulinda - Region between Pranhita and Bandia 
rivers - joining Godavari from north. — 

Müsika - Upper valley of river Musi, a 
tributary of Krsna 

Nala Kalika (Kalupa) - Basin of lower Masi, 
present Nalgonda distt of Andhra Pradesh. 

Dandaxa - From hills of Orissa to source of 
Godavari. Mainly valley of Indravati, left bank 
tributary of Godavari. 

(vi) Vindhya Region - 

North slope of Vindhya - 

Avanti - Capital of Ujjayini. Later on named 
Malava. It covered source of Chambala and area 
drained by Sipra and Kali Sindha. 

Bhoja - Area around Bhilwara, areas drained 
. by Chambal and Banas rivers (Parnasa of Purana). 
Byolia, Mandalagarh and Nimach. 

(b) North east slope of Vindhya - 

Vidisa - Basin of upper Betwa (Vetravati) 


Da$àrna - Sagar plateau drained by Dhasan 
river 
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Karüsa - North slope of Kaimur range, basin 
of upper Tons river. West limit was Ken river, 
north boundary was scarps of Vindhya facing 
Yamuna. 

Malava - Basin of middle and upper Ken 
(Karmanásà) 

(c) Intemediate Vindhya 

Nisadha - Narawar region near Gwalior, 
associated with king Nala 

Tumbura - North of Narawar from foot hills 
of Vindhya to Chambal (Land of Tomar rajputs). 

(d) Eastern and south eastern slopes of 
Vindhya - 

Utkala - Present Balesore distt., north Orissa 
coast 

Tośala - Whole Mahànadi delta. Tosali 
(Modern Dhauli) near Bhubaneswar was centre. 

Koáala - North margin of modern MahakoSal 
region 

Mekala - Southern slopes of Maikal range, 
south of Amar Kantaka. present Bilaspur distt. 

(e) Narmada Basin 

Tripurá - Around Tewar (10 miles west of 
Jabalpur). Upper Narmada valley covering Jabalpur 
and parts of Mandala and Narasimhapur distts. 

Tundikera - Two towns of this name exist - 
north east of Narasimhapura beyond Bhander 
forest. Other is in Narmada basin. It occupied 
south stertch of Narmada basin. Town Sainkheda 
on south bank is old name Saundikera. 
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Tumura - West of Tundikerà, southern besin 
of Narmada. West half of Hoshangabad distt, 
centred around Tumurni - a town on Itarsi 
Khandawa line. 

Kiskindha -' Further down in Khandawa - 
Khàrgon region 

Palavi - Foot hills of Satpura, facing Narmada. 
Pati town is south of Barwani. 

Vitihotra - North of Narmadà and west of 
Tundikera. Drained by Kolàr, Jamner, Kanar rivers 

Anüpa - Marshy or ill drained land. Alluvial 
tract of Narmada basin just after Vindhya Satpura 
trench. 


Verses 153-166 : Dimensions of earth 
. Diameter of earth is 1600 yojana. Its circum- 
ference is calculated by multiplying with 3927 and 
dividing with 1250. For simpler method, multiply 
the diameter by (600) and divide by (191) to get 
circumference. (153) 

By this method circumference of earth is 1600 
X 600 / 191 — 

= 5026/10/41 yojana, which is author’s view 
also. Circumference multiplied by diameter gives, 
surface area which is 

5026/10/41X-1600 = 80,41,885 (yojana)? 

Volume of earth is, Surface area X diameter/ 6 


80,41,885 x 1600 
= a ee 2, 14, 45, 02, 666/40 
(yojana)? 
Land mass in north hemisphere = 15,55,175 yojana 
Water ” 24,56,320 yojana 


Land area in south hemisphere = 55,23,90 yojana 
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Water ” l = 34,78,000 (155) 
(From Siddhànta Siromani) 
CircumferenceX diameter 
4 


This multiplied by 4, gives surface area of 
sphere of same diameter. It is like area of sphere 
covered' by square net. 

Surface area x Diameter 
6 
In a solid object, length, breadth and height 
.al exist. Volume means, number of unit cubes, 
contained in the object. (156) 


. Some opine that, the distance between ends 
of semi-circumference is diameter. Diameter multi- 
plied by 22 and divided by 7 gives circumference. 
Product of circumference and diameter divided by 
4 gives,..... (157) 

area of circle. Area of circle multiplied by 2 
gives area of curved face of hemi-sphere con- 
structed on that. This is 1/4th more than the earlier 

result. (158) 


Hence method for correct volume is stated. 
Circumference of a sphere is divided into (21,600) 
kalà. Its radius is (3438) kalà. Above and below 
the circumference we mark the two surface centres. 
(159) 

Central circumference (21,600 kala) is in exact 
middle of upper and lower centres. It is called 

; equator. From top point upto equator, we draw 
circles at difference of 225 kala, each parallel to 
equator. (160) 

D. There are 23 rings between equator and these 
_sircles Width of each ring is 225 kala. As we 


Area of circle - 


Volume of sphere - 


MM Aes 
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proceed from the equator to top, circumference 
gets smaller. The width of each ring is perpen- 
dicular on circumference. (161) 

Find the akSajya at each place. Its square is 
substracted from square of trijya and we take 
square root of remainder. Result will be meee. 
(162) 

Sum of all these lambajya will . be 
(52,532/38/24). Area of largest ring is found by 
multiplying its circumference (21,600) by its width. 
(225) 

This area (48,60,000) is multiplied by sum of 
all lambajya and divided by trijya. (164) 

We get the area of surface of hemisphere 
(7,42,60,800). Its double is surface area of sphere 
(14, 85, 21,600) in (kala)* - - - (165) 

(Diameter X circumference) also gives the same 
'value of surface area of sphere. Hence it is said 
that the surface area of sphere is equal to area of 
rectangle of length as circumference and width as 
diameter. (166) | 


. circumference 

Notes (1) The ratio —__—_—_ = z is fixed, 
D Diameter 
but it is a transendental number, whose value 
cannot be expressed in fractions. It can only be 


approximated to desired accuracy. 


Its value 3.1415926 - - - is uppoaa by 
22/7 = 3.14 and 355/133 = 3.141592 upto 2 and 6 
places of decimal: Madhava had given its value 
upto 30 places of decimal in a Katapayadi verse 
(See introduction to the book). These values Or 
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even upto 1 lakh places of decimal can be found 
only through infinite series. 
The approximations used here are middle of 
these formulas as 
as 22/7 = 3.142 . . . and 355/113 = 3.1415929 
both are slightly higher. 
3927 355 x 11422 
1250 13x 1-7 
600 35 x2-22x5 


191 . 113x2-7x5 
Thus if r is radius of circle, then by definition 


an 


Diameter = 2r and circumference = 2zr 


 Mádhava (14th century) had derived the 
following infinite series in his Yukti Bhàáa. 


x x 
Sinx = x= 75 + Zee 
x? x 
COS X = 177225 + z4 Madat Sise 
mete oe T 
3 5 


If we put t- z/4 in the third series we get 
Maàdhva series 


for zx 
4 m 3 5 7 aspere 


3 These are known as Gregory's Series (1671) 
, and Leibnitz series. 


;. Nilakantha Somayàjin quotes a result of 
; Madhava 
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Raa anne CaM ATT Fe Ta area: 
. va Pred fir ofa freak ffir arate agen: i 


circumference 


ie. ——————- X 9 X 10!” is 28,27,43,33,88,233 
Diameter 


i.e. II = 3.1415, 9265, 359 - - - 

Karana Paddhati and Sadratnamala give two 
verses which yield the following approximations to 
x 

(i) Circumference of circle in minutes be 
multiplied by 107° and product divided by 

31415926536, quotient will be the diameter of circle 
in minutes. 

(ii) If you proceed thus (construct circle of 
unit diameter) and multiply the circumference by 
10", it will be equal to 3 1415 9265 3589 79324. 

Value upto 30 places is given by Madhava in 
this verse read in Katapayadi notation - 


met ara ngara AÀ afer afr | 
Ga fifa UATARA THT: |I 


In Tantra samgraham, two series are given 
with a correction of the error term 
l i 
4d (= P 
i) C «4d OE Nia 
See 3 5 "opel 
(p » Last odd divisor - 1) 


2 


P 4i 
ii amy Neat ies Ri ULL um 
We 3 5 ^ (plt4p& 1? 


p = last odd number + 1-, d = 1 
Karana Paddháti has given another series 


Description of Earth 881 


QC = 


besssors 


which gives 


1 1 
1-3 3 5 877 CEDE: 


Ramanujan discovered several rapidly con- 
verged series for x 
4 7.14.1. 135.19 135, 


pet Ct S at Gag oce 
16 AT Ls 89 QD) 135, 
x 98e or "Av 
3? p s v5 -1 
m - a 


, 895 +59 1.3) fm 
ae 2.4 2 JT uz 


G. and D. Chudnovsky have given a very 
rapidly convergent series for II 
1 ! 
Z= (-1y* MCN 
n-0 (n D? (3n)! 
1359 1409 4 545140134n 
(640320)?^ * *? 


A This series converges to 15 decimal places per 
. term. 
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(2) Area of circle and sphere | 


CO 


Fig 8 b 


Fig8a Figure 8 - Area of circle 


In figure 8a, circle is divided into many sectors 
by radius in all directions. In 8b, they are arranged 
side by side, so that circumference parts are 
atternately up and down. Lengths are all equal to 
radius and they cover each other. Figure 8b 

' becomes a rectangle if number of sectors becomes 
infinitely large. Then its width is radius and length 
is circumference X 1/2. - 

Hence area of circle = radius X circumference 
X 12 

. Diameter X circumference 

REED CLE | 

Area of sphere is calculated by method of 
integral calculus, i.e. dividing its surface in infinite- 
ly small circular strips (or any other type of 
division) Here the smallest width has been chosen 
as 225 kala because, we get the values of Jyà (R 
sine) only at this interval acording to methods in 
chapter 5. 
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Figure 9 shows a 
section of hemisphere 
with AB as diameter of 
sphere and of greatest 
. circle (equator). C is top 
surface centre. PP' is a 
r *diameter of circle drawn 
Figure 8 - Area of sphere paralel to equator i.e. 

perpendicular to line 
CO drawn from C to 


equator. 
LPOB = 6 = akéàmáa 

: Diameter of circle at P is PP’. If its mid point 

ds C then OC’ P is right angled triangle. 

. PC’ = OP cos ¢ = R cos o 

= R sin (90°- ? ) = Lambajya 
Here R cos ¢ is calculated from 
R cos ¢ = VR? — R? sin g, as we know the 
‘Jya = R sing- from the chart. 

If a circle at small distance QQ’ is also made, 
‘alien the region between PQ is approximately a 
* cylinder whose surface area can be found by 

„ wrapping a paper and spreading on plane area. 

y Then it becomes a rectangle with length as 
;. circumference and width of arc PQ. 

Then area of strip PQ is 
= Circumference of PP’ X PQ arc 
= Lambajyà at P X 225 kala X 2z 
Hence area of all strips 

.2 z X (sum of lambajya) X 225 ---(1) © 
Here for: first circle at equator | 


3 
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Circumference 

R 
_and area of first stirp = circumference X 225 
Hence (1) becomes 


2a = 


Circumference X 225 
_ Area of first strip X Sum of munera 
Trijyà (R) i 
which is the formula given in text. 
(3) Volume of sphere is calculated by dividing 
it into very small cones, with apex at centre. Then 


the spherical surface can be considered almost 
plane, and volume of cone 


- 1/3 X height (-radius) X area of base (part 
of Surla) 


By adding all cones, volume of dE. is 


(Sum of Lambajya) X 


- (2) 


X radius X area of sphere 


Diameter X Surface area 
E 6 
as the formula given in text 
Volume of a circular cone is again to be 


calculated by integral calculus, giving formula given 
above. 


Verses 168 : Sphere and cube 


Construct spheres and cubes of width equal 
to diameter out of mud. Ratio between their 
weights is the ratio between their volumes which 
can be thus measured. Then we find the ratio of 
cloth area needed to cover the surface areas. We 
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‘will find that the ratio of surface areas of cube and 
spehre is same as ratio of their volumes. 
Note,: Area of sphere of radius r = 4xr? 
Area of a cube surface = (2r)? = 4 P? 
Area of 6 surfaces of cube = 6 X 4 P? = 24g 
vids Area of cube EE 6 -.- (1) 
| Area of sphere 4772 X l 
Volume of cube = (2r? = 8r 


4 
Volume of sphere = 37 r 
cube volume 8r? 68. us 
Thus sphere volume 4 , Z — (ii) 
3 r 


From (i) and (ii) we see that ratios of volume 
and area are same. 


Verses 169-175 - Difference in units of length. 
8 yavas put side by side become 1 ances 


. 4 angula = 1 fist 
-6 fist = 1 hand 
6 hands = 1 danda 
. 2000 danda = 1 kosa 
. 2 Kosa = 1 gyvyüti 
2 gavyüti . “= 1 yojana 


.. Some authorities consider 1 yojana = 28,160 
“hands. à 


f 


| . (= 8 miles, where 1 yard = . 2 hands in British 
; measure), 28,160 hands = 14,080 yards = 8 mles X 
; 1760 yards). 


r 


‘A man of average AEN goes 1 kosa i in about 
P 600 steps l 
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22 ; 
(1 step = 35 yards = about 23 


520 
0 yards = 3 


3520 
5600 
inches) (169-170) 

Brahma and Surya siddhantas. have called the 
half chord as jyà. (Jyárdha). At some places gavyuti 
has been stated equal to yojana of 4 kosa. (Then 
8 kosa - 1 yojana) By this scale, diameters of 
earth, moon and sun are reduced by half to 800, 
222, and 36,000 yojanas. (171) 


According to Visnudharmottara Purana, . 


1 $anku - 12 angula 

12 $anku - ] hand 

4 hands = 1 dhanu (bow) 
1000 dhanu - 1 kosa 


As per this measure, value of diameters is as 
. Stated in this book earlier (Sun 72,000, moon 444, 
earth 1600) (172) 

Quotation from the purana gives the above 
measures (173) 

If we raise our hands above head and stand 
on toes, then 1/5th of that height is called 1 hand. 
By this scale 1 yojana has been considered equal 
to 28160 hands (= 8 miles). In this scale circum- 
ference of earth is 3093/40 yojana and diameter is 
984/45 yojana. (174) 

Area of earth in this scale is 30,46,488 (yojana)* 
and volume is 50,00,04,843 i.e. approximately 50 
crore yojanas. (Explaination of Brahma siddhanta 
value quoted in verse 13 of chapter 17). After 
concluding description of earth, now I will state 
about heavenly bodies (in next chapter). (175) 


Verses 176-177 - Prayer and conclusion 
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I seek the shelter of younger brother of 
Balarama (i.e. Krsna) wearing blue clothes and who 
is shining blue like lotus, humming bee, indranila 
mani, water of Yamuna river and black soot and 
is like crown of blue mountain (Nilacala). (176) 


Thus ends the eighteenth chapter describing 
geography in Siddhànta Darpana written as text 
book for correct calculations by Sri Candragekhara 
born in famous royal family of Orissa. (178) 


Chapter - 19 
EARTH AND SKY 
Bhügola Khagola Varnana 


Verses 1-2- - Origin of spheres 

Before creation of living beings; for creating 
sense organs of body and their subjects of 
experience, Brahmā (creator) created two types of 
seeds - internal and external types. External seed 
became cover of.cosmic egg (Brahmanda). From 
internal seed, five spheres were created within 
universe - sky, air, sun rays, moon and earth. (1) 

Meru of sky itself has been called marut (air). 
In sky spehre, Meru (line joining north and south 
poles) is like axle (yasti) Around it, nakáatras 
revolve. Universe is tied with this Meru-danda (rod 
of meru - also means spine of hurnan body). From 
earth as root of the tree of universe, upto 
Brahmànda, seven airs, starting with avaha, are 
located in spherical shells, one containing the 
previous. Within these 6 shells of air, lie moving 
and fixed creation, stars, planets, clouds etc. 


Verses 3-6 : Air spheres as per Siddhanta 
Siromani 

Air on earth is called àvaha. After that lie the 
spheres of pravaha, samvaha, suvaha, parivaha, 
and paravaha, one above the other. (3) 
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E. From earth's surface, earth's air or àvaha 
t extends till 12 yojana. This contains clouds and 
: lightning etc. Above that exists Pravaha whose 
motion is always from east to west. (4) 


At its centre, orbits of planets and stars 
revolve in westerly direction, being pushed by 
Pravaha. (5) 


Within the west moving nakéatra sphere, the 
planets move with their small east motion, as an 
insect moves on a rotating wheel of potter with 
small speed against the rotation of wheel. (6) 


Verses 7-11 - Nature of planetary orbits. 


Madhyama sun moves in east direction. 
Around it, planets attracted by mandocca, revolve. 
They go in west direction also. Hence, the orbits 
of planets are of many types like madhyama and 
sphuta. (7) 

Moon and sun revolve round earth. Due to 
small or big attraction of mandocca, their motion 
is changed slightly. Hence at first madhyama kakáà 
(mean orbit) is written. Then smaller orbits for 
finding true motion will be written. (8) 

As the planets mangala, guru, $ani are very 
far from earth and move with slow speed, their 

madhya kakáà has centre at madhyama sun. (9) 


Orbit of madhyama sun will be their $ighra 
orbit. Between sun and earth, budha and $ukra 
are faster, hence their madhya kakáa is sun orbit 
only. (10) 

The áighra orbit of budha and $ukra around 
“sun can be treated as mean orbit also to find the 
distance (manda karna) from sun, as the madhya 
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orbit of sun and moon is used to find their distance 
from earth. Distance of outer planets from sun is 
manda karna and from earth is sighra karna. 
Verses 12-18 : Orbit lengths 


Madhya orbits of sun, budha and $ukra are 
4, 78,00,800 yojana. 


This is also the sighra orbit of mangala, guru 
and Sani. 


Sighra orbit of Budha is (1,84,56,420) yojana 
Sukra Sighra orbit is: (3,46,55,580) yojana 
Mangala manda or mean orbit (7,23,03,600) 
Guru manda orbit (24,58,32,000) yojana 
Sani manda orbit (44,12,37,600) yojana 
Sighra paridhi at end of odd quadrant. 
_ Sighra orbit x 360* 

. Madhya orbit ; 
Moon orbit is (3,06,000) yojana . 
Nakéatra orbit is (17,20,82,88,000) yojana 
Kakśa (orbit) length multiplied by 191 and 


divided by 1200 give distance of tara graha from 
sun and of nak$atra and moon from earth. 


: Notes : Distance of planet mainly depends on 
bigger orbit called manda or madhya orbit. Minor 
differences are due to smaller orbit; which is faster 
also. 
Orbit length is circumference of the circular 
orbit = 2 zr where r is radius or karna - distance 
of planet from centre of its orbit. 


H = ud imation b tw 
ere x - or an approxi ion between 
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two values 2 and 222 (00 _ 355 x 2-22 x5 
o. Values." and 2. scm 113 x 2-2 x 5). 


Verses 19-21 : 

Sphuta mandakarna in yojana 

_ madhya karna X sphuta karna in kala 

J Radius (3438) 

As mandaphala correction in madhya graha, : 
in Sighrocca of budha and śukra also this correction 
is done. (19) 

Distance of 5 tàrà graha is found by multi- 
plying madhya karna by third manda karna in kala 
and dividing by trijyà. Result is multiplied by 4th 
$ighra karna in kala and divided by trijyà. Karna 
multiplied by 1200 and divided by 191 will give 
the orbit. 

Notes : Madhya karna in kala is the value of 
trijya in kala. Thus average distance of each planet 
is assumed 3438 kala. Thus proportionate value of 
‘sphuta karna also is expressed in kala. 

Sphuta karna kala 
Madhya karna kala (trijyà = 3438) 
E Sphuta karna yojana 

Madhya karna yojana 

For tara graha we obtain mandasphuta first, 
` by the 3rd manda karna by this formula. Then the 
change due to $ighra orbit (Sighra karna) is found 
. by treating manda sphuta as madhya karna = trijya 
3438. 

Thus 

manda sphuta karna _ Sighra karna yojana 

Trijyà (3438) . Sighra karna kala 
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Verse 22 - Mandocca and pata are based on 
bhagana (revolution) only. Hence their orbit is 
taken as the nakSatra orbit itself. 
Verses. 23-27 : Linear motion of planets 

Daily linear motion (yojanas) - 

_ Kaksa yojana x Kalpa bhagana (23) 

Kakáa savana dina | 
In a mean solar day, the yojana gati of planets 
-in their orbits is stated. | 

Sun 130,868 yojana 

Moon 11,200 yojana 

Bha (Nakáatra) circle 2094 yojana | 

Budha (Sighra kakéà around sun) (2,09,803) 

 S$uka (") (154229) — 

Mangala (1,05,248) yojana 

Guru (156,733) 

Sani (41,008) | 
Notes (1) Formula of daily motion is obvious 
Movement in kalpa sávana dina is kalpa bhagana 
= kalpa bhagana X kak$a yojana 

. (as 1 bhagaņa or revolution is length of orbit 
je. kakśā) 

Hence motion in 1 sāvana dina 

Kalpa bhagaņa x kakśā 

DE Kalpa savana dina 

-Sun diameter — 72,000 


(2) Evidently, in accepting Moon diameter 1444 


= 163 the principle of equal linear motion has 
been dropped. As per this principle 
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Sun diameter _ Sun distance 
moon diameter moon distance 
diameters are almost same. 
Moon angular speed 
Sun angular speed ' 
motion - 13.37 approx. 


, as their angula” 


This is equal to for equal linear 


. After rejecting this theory, he has not given 
any new principle to calculate the distance of the 
planets. 

However, EERE discussion shows that, 
for inner planets 
Orbit length _ Sighra kakéa 
Sun orbit 360°: l 
and for outer planets l 
Sunorbit. _- Sighra_kakéa 
Orbit length length t. 360° ; is 
Thus the dimension of &ighra paridhis are the 
basis of calculating their lengths. Then we can use . 


the formula given above in note (1) in verse 23 to 
find linear speed. 


Verses 28-29 : Linear motion in nak$atra kaksa 
Linear speed in nak$atra kaksa (Ayanagati) 
Linear speed in own orbit 
own orbit in kala x 21,600 
Ayana gati in yojana is multiplied by graha 
kakśā yojana and divided by nakSatra kak$a yojana. 
Result will be added to graha gati, if nakSatras are 


moving towards east, otherwise substracted. This 
will give sphuta gati of graha from sáyana mesa. 


Notes : Motion of nak$atras is the motion 
relative to sayana mesa point due to precession of 
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equinox. Its motion towards east means that sayana 
mesa has moved west and quanam ss is added to 
find sayana position. 

To find sàyana gati of graha, we have to find 
its motion in nak$atra kak$a because nakSatra gati 
is 2094 yojana in that orbit. Yojana gati of graha 
in bigger nakéatra kakśā is more in proportion to 
length of nakSatra kak$a. Here ratio of the two 
kakéas is expressed in kalas of graha orbit by 

graha kakáà in kala 
NakSatra kakéa 21,600 kala 

_ graha kakéà yojana 

— Nakéatra kakśā yojana l 

Here: un orbit 1 60 

| Zete Nakéatra orbit ^ 360 ` 21,600 

Thus sun orbit is 60 kala. Other orbits in kala 
can be found directly or in proportion to $ighra 
kaksa as explained in note (2) after verse 27. 


Verses 30-31 : Kak$à and $ara gati 

Due to attraction by ucca, a graha goes up 
.and down (or farther and nearer) in its orbit. But 
inspite of change in karna (distance from centre), 
- its-yojana gati in east always remains the same 
(mandasphuta gati only) (30) 

North south motion due to repulsion of pata 
is proportional to their mandakarna. 

Notes : Principle of equal linear speed has 
been assumed for each planet separately i.e. it 
should remain constant in one orbit only. Speeds 
‘of different planets vary as shown in verses 23-27. 
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However, even this principle is not correct. 
. The linear speed also reduces, when a graha goes 
` farther in the orbit. According to Keplar's law, the 
;areal speed (i.e. area covered by manda karna in 
“unit time) is constant. It can be understood in 
. another way. When an object is thrown upwards, 
its speed reduces slowly and finally it comes back. 
.Thus the speed reduces with increase in distance 
.in a gravitational field. 
~ Sara gati in yojna | 
Karna or distance 
This a oa 2 3438 enes $ara angle in 
kala. 


= Sara angle in radian 


Siva gati in kala 


Thus Sara a gati in yojana = ~ 3438 X 


Karna yojana 


Here, eastward motion is only in their own 
mean orbit around sun. By adding Sighra gati it 
may change, and even go back wards also. 
‘Verses 32-37 : Explaining with diagrams 
Earlier astronomers have stated that around 
earth, successively larger orbits are of moon, 
mercury, venus, sun, mangala (mars), jupiter and 
saturn, but this is not clearly observed. (32) 
Kak$à values in yojana are divided by its kalpa 
bhagana (fractional part). We get the distance 
covered by graha in its orbit in yojanas. (33) 
Orbit of planet is drawn and its centre is 
marked as ‘bhi’ (earth). Position and east speed 
of each graha is indicated in their orbits. (34) 
. From this positon, graha is shifted forward 
(i.e. east) or backward according to $ighra phala. 
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We see the direction of tārā graha from earth, 
whether it moves backward (in cakrardha i.e. 180° 
from $ighrocca) or not (for other positions). (35) 


Tara grahas with speeds slower than sun (i.e. 
mars, jupiter and. saturn) are bent towards sun- 
planet direction from earth-planet direction i in their 
retrograde motion. (36) 


Angular diameter and $ara of a planet 
decreases or increases according as its distance from 
earth (Sighra karna) increases or decreases. This 
demonstration shows that the tara grahas revolve 
round madhyama sun. (37) 


l Notes : Retrograde motion of planets has 
already been explained with diagrams in 
spastadhikara, chapter 5. 


1 a - outer planets 1 b - inner planets 


Fig 1 - Planets around mean sun 
- Sun, E - Earth, P - Planet 

Mean sun S moves round the earth and 
around sun the planets move, inner planets in 
smaller orbit and outer planets i in bigger orbit. This 
doesn't make any difference in calculations as, all 
planet orbits are around sun in both system. Sun 
has apparent motion around earth. 
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Verses 38-42 : Lower values of Larmbana 

If we assume that orbits of tara grahas are as 
big as stated by sürya siddhànta or Bhaskara II, 
then their horizontal lambana in east or west will 
be 1/15 of their daily motion. (38) 


Thus madhyama lambana (horizontal) of 
mangala 31/26 + 15 = 2 kala approximately. This 
lambana in cakrardha is found by multiplying it 
with trijyà and dividing by $ighra karna, and comes 
to about 6 kala. (39) 

When mangala is 24 kala vakra from its true 
position, it rises in west and its disc is seen after 
sunset. (40) 


At setting time, mangala will be seen with a 
particular star (indicating its position in ecliptic), 
24 kalà west. 

Next day at rising time it should be with same 
star due to lambana. But this does not happen. 
The author has not seen its lambana in nica place 
(180° from sun) even to be 1 kala (against 6 kala 
calculated value). (42) 


Notes : At nica position mañgala is vakri with 
maximum speed (59/8 - 31/26) i.e. (sun - mars 
speed) - 27/42. In half day, mangala will move 
about 14 kala west.. However, lambana at setting 
time makes it 6 kala west. The difference is 646 - 
12 kala east, between west horizon and east horizon 
place, which compensates the vakra gati towards 
west. Thus position of mangala should appear same 
at west setting and next rise in east. 


898 Siddhanta Darpana 


Verses 43-46 : Higher sun/moon ratio ` 


Due to very small real lambana of mangala. 
I have assumed bigger orbits for these planets 
compared to sürya siddhanta. (43) 

Bhujajyà of (moon-sun) is multiplied by moon 
distance and divided by sun distance according to 
sürya siddhanta or Bhaskara II. (44) 

The result is added or substracted from moon 
in bright or dark half. On Ist quarter of $ukla 8th 
(when moon - sun is 84° to 87°) or last quarter 
of krsna 8th (moon-sun, being 273° to 276°), half 
of moon disc should be bright, but it doesn't 
happen. (45) . l ' 


i Eos 
ead 


` Fig 2 - Half bright moon 

But at the end of Sukla 8th 2nd quarter (when 
moon-sun=90") or Krsna 8th 2nd quarter (when 
moon-sun - 270^), half of moon disc looks bright. 
Hence I have taken sun.distance more than those 
texts. (46) l 
. Notes - Moon is half bright, when, sun and 
earth are at perpendicular distances from moon i.e. 
ZEMS .- 90°. But viewed from earth E, the angle 
between sun S and moon M is ZMES which is 
less than 90° for $ukla pak$a and outer angle (reflex 
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angle marked with dotted line) is bigger than 270°. 
(Figure 2) 
This difference 0. = ZMSE is given by 
MS ME 


sin MES ` sin 8 


p : ME 
or Sinf = Sin MES X MS 
Moon distance 
sun distance 


when ZMES.: - 90°, then its jya = 1 


- Bhuja jyà of (moon-sun) X 


: Moon distance 1: 
or Sind = = mms 
sun distance 13.37 
M tel Bag sis uu. d qu 
ore accurately, = MS T Ba approx. 


Hence the half bright position should be 4°17’ 
away from the position of 90° or 270° difference 
as seen from earth. But this appears negligible, 
‘hence sun distance should be much larger. 


Verses 47-52 : Finding true distance of sun 

The much larger value of distances and orbits 
of planets as ratio of moon in comparison to sürya 
siddhanta, should be derived logically. Hence, I 
am stating the method, how these values have — 
been found. (47) 


Without authority of Vedas, only guess work 
is not appreciated. Hence, I have accepted the 
diameter of sun as stated in vedas.. (48). 

In Brahmavidyà upanisad, while explaining 
the importance of Pranava ($), diameter of sun 
has been stated to be 72,000 yojanas. (49) 
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In: Atharva veda also, same diameter of 
Mahapurusa (Sun) has been stated. In sürya 
siddhanta,. the diameter of earth and angular 
diameter of earth are stated, which are verified by 
observation. (50) 


By observing through instruments also, mean 
bimba (angular diameter) is 32/32 kalà as stated by 
Bhaskara II. (51) 


I have stated distance of sun from ratio of 
yojana diameter and angular diameter. Accordingly 
orbit extent has been stated. 


Notes : This has been explained in chapter 8 
of lunar eclipse. Extent of solar mandala means its 
circumference as Kakóa length means the same. 
The akaSa yojana = 5 earth yojanas. Hence true 


diameter according to vedas should be 


72,000.x 5 72,000 x 5 x 8... 
IDs yojana = = Em — = kilo meters 


= 9,16,732 kms. which is the correct modern 
value. By assuming it to be diameter in earth 
yojanas it is only 63% of correct value. This 
interpratation of ākāśa yojana is based on distance 
of usa (dawn) from sunrise as 30 yojanas mentioned 
at several places in vedas. 
‘Di t LI . 
ee = angular diameter (radian) 
Distance yojana i 
. bimba kala 
/' 8438 
“Diameter x 3438 
bimba kala 
. This gives the revised distance of sun, derived 
from observed value of bimba. 


or Distance = 
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Verses 53-54 : Revision of panetary orbits. 
Sighra paridhi of other planets also is found by ratios. 


. t pari 
For inner planets, orbit = Suh Orbit x Sighra NN 
Sun orbit x 360° 
Sighra orbit 


Notes : This has been explained in verses 
24-27 note(2). 


Verses: 55 - Moon orbit 


Distance of moon has been decreased due to 
slight increase in moon's lambana. Thus its bimba 
.and. diameter of earth’s shadow have been 
decreased. 


Notes : Larhbana has been observed to be 
(moon speed / 14) instead of (moon speed / 15). 
Due to. its higher value, it should have smaller 
-orbit as lambana decreases with increase in dis- 
tance. 

Since angular diameter of moon is same as 
mentioned in sürya siddhanta, linear diameter 
should be decreased slightly in same ratio, as 


Orbit for outer planets - 


angui diameter = distance 
Verses 56-58 : Higher diameter of naksatra 
kaksa 

Maximum éighra phala of grahas from sun (to 
stars) compared to that from earth is seen more 
for budha and éukra (56) and less for mangala, 
guru, sani. Then the difference between 
bhujaphalas (57) is seen 1/360 of the manda orbit. 
Hence the orbit of nakéatras have been assumed 
` 360 times the sun. 
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Notes : Variation in Sighra paridhi is due. to 
same season as variation in manda paridhi i.e. 
because the real orbits are elliptical. However, here 
it has been assumed that the distance of nakáatras 
in 360 times distance of sun (compared to 60 times 
of sun). Actually it is 4 lakh times for nearest star. 
Due to finite distance (360 times sun distance) the 
distance of $ighra paridhis are different from sun 
and from earth. Hence there is difference is of 1* 
ie. 1/360 of suns orbit. This is explained by 
diagrams below - 


ae 


3 a - outer planets 3 b - Inner planets 


E is earth, Sı, S2 are two positions of sun. P 
is position of planet. In fig 3(a), P is kept at centre 
to see the position of earth relative to planet. The 
positions 51, S; are at distance of sun's orbit. Hence 
the same $àghra phala for those positions will 
substend different angles at NakSatra circle at N. 


Verses 59-64 : Distance and diameter 
For sun and moon, from angular diameter, 
we know their distance (karna). For stars and other 


planets, angular diameter (bimba) is known from 
their distance. (59) 
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We make a circular disc and find the distance 
of the disc from eyes at which it completely covers 
the disc of star, i.e. their angular diameters are 
same. (60) 

Distance is found by multiplying distance 
between eye and disc by angular diameter and 
divided by disc diameter. (For sun and moon). By 
reverse process, we can ed bimba from distance. 
(61) 

NARTA for sun, at sunrise or sunset time, 
east or west window (of a closed and dark room) 
is covered by palm leaf. (62) 


. - A small hole is made in it. On the other side 
‘of the wall, we see the image in shape of disc due : 
to light coming out of hole. (63) : 


Diameter of hole is substracted from diameter 
of light image to give hàra. Distance between wall 
and hole is multiplied by diameter of sun and 
divided by hàra to get the sphuta karna (current 
distance). of sun. (64) 


Notes : (1) 


Figure 4 - diameter and distance 


In figure 4, eye is kept at O, At distance d 

= OB, a disc ABC with radius r -is kept. It 
completely covers the disc A’B’C’ of the star or 
planet A'B'C' of radius R and distance OP' - D 
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Angular radius are same 2 AOB = ZA'OB' 
= 6 in this case. Diameter is 20 , substended by 
AC = 2r or A'C' = 2R. 


r 
0 = d = D in radians 
_Rxd (2r) x d 
| thus D - : = QD 


Hence distance is found by distance of disc 
multiplied diameter of sun or moon and dividing 
by diameter of disc. 


(2) Image from hole - This is called pin hale 
camera now in which the diameter of hole is ideally 
assumed to be zero. 


Figure 5a. 


In figure 5(a), hole in palm leaf at P, creates 
an image of diameter 2r at distance d on wall. Sun 
of diameter 2R is at distance D. Then in similar: 
triangles. 


d D , jp. Rd 
2  2R ? 3 


as before. 


Correction for finite diameter of hole : In 
figure 5b we have image of radius r due to hole 
of finite diameter r' 
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Figure 5b 


The rays from outer most parts of sun 
converge at point P' out side the hole wall interval. 
‘PP’ = d’ 
r r R R i 
Then 1| d = thea A pad is 
small compared to D. 
. Here D is taken as distance of sun from P’ 
instead of P which is same 
rr UR 
Ar =o 
Thus we take (r-r’) instead of r in the above 
formula. 


or 


Verses 65-69 : Diameter of stars 


By this method we can know the angular 
diameters of planets or stars which set with moon. 
(65) 

. For that we keep a palm leaf (circular) of such 
size at 36 hands (48 ft) which will just cover moon's 


. disc completely. Then the circular leaf is kept at a 


: place where it covers the star (at same distance 
. from eyes). (66) 


MUT rere T= a 


A hole of such size is made through which 
star or planet is just seen completely. (67) 


1/4th of diameter of hole is multiplied by 
distance of planet and divided by distance of palm 
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leaf from eye. Result will be diameter of the planet. 
This is. most accurate method for finding the 
diameter. (68) 

1 angula at this distance is seen as 1/15 degrees 
in sky. Hence the ee between eyes "m palm 


leaf is 1/4th of trijya G X 3438 = 859 - = 2) angle 


= 36 hand. 

Notes : 1 Hand - 24 angulas. 

Hence angle subtended by 1 anvdis- at 36 
hands is 1 / 26 X 24 radian = 3438 / 36 X 24 kala 
= 4 kala approx = 1/15* 

Since angular diameter of hole and star are 
same, it is found by ratio, diameter angula = 
diameter X 4 ‘kala. Hence diameter will be 
multiplied 4 times in stead of dividing by 4 to find 
the angular diameter in kala. There appears to be 
an error in the print, otherwise Candra$ekhara 
could not do such mistake. 


36 hands = 36 X 24 angula = 864 
CEN CENE: - d. 

ARMS 4 radius a X 3438 = ie > is 
approximately equal to 36 hands. 
Verses 70-75 : Height and distance. 

From shadow of a $anku, height of lamp or 
a mountain can be found. This interesting method 
is being described. (70) 

From lamp kept at a height we keep a ganku 


at a distance on level ground and measure its 
shadow. (71) 


Earth and Sky 907 


In same direciton, another $anku of same 
height is kept and its shadow also is measured. 
Distance between two $anku is measured. To this, 
we add the second $anku shadow and substract 
shadow of first $anku. .72) 

. Result is multiplied. by first shadow and from 
quotient, shadow of first $anku is substracted. 
Remainder will be the distance of first $anku from 
base of lamp. (73) 


The earlier quotient multiplied by height of 
$anku and divided by shadow of first Sanku gives 
height of lamp. (74) 


Or, distance between sanku and lamp is 
multiplied by $anku and divided by shadow. Result 
is added to height of Sanku to give height of lamp. 
(75) . 

Notes : This is one of the problems of high 
school trigonometry, called heights and distances. 
Since much more complicated problem of spherical 
trigonometry were known to all astronomers, this 
simple example is intended only to popularise the 
astronomy to layman. Such simple and practical 
methods can be understood and verified by any 
body. This method is described in detail in Lilavati 
of Baskara IL: which has been described as 
necessary base alongwith his bija ganita to under- 
stand astronomy. Patiganita of Sridhara also 
describes it in chapter on Chaya vyavahaàra (shadow 
methods). Interestingly all the methods of 
astronomy are described in Narada purana parva 
bhaga, 2nd quarter, chapter 54. The method of 
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shadows -has been called 'parikarma'. In these 
places methods for single Sanku shadow has been 
described and the method of two Sankus has been 
posed as a problem (solved in Lilavati). Solution 
is given in a single verse in Lilavati - 


PATA FA PTO GA TAO ge dq 3 | 
s sig Ura: THT fare: Tara arr frate i 


Figure 6 - Height and distance of lamp 
In figure 6, a lamp is kept at L at height LP 
- h from plane land. Sanku of height s is kept at 
places AS; and BS, creating shadows AC = di 
and BD = d; 
. Distance of first $anku S, from lamp (from 
their bases) is PA - D. 


In ALPC, Sı A/ LP and PC = D«* d 


IP | PC... h,D*d D] 

SA AC " s^ d ^ d 
h — 

or D=—— x d = PA ---(l) 


2. diee 
similarly PB = 


From (1) and (2), x = AB = PB - PA 
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o h = |5— + 1| x s (3) 


From (3) we find value of h. Then from (1) 
value of D is found. l 


h- 
Alternatively a Es = d 
-s xdi 
or D =. E Poem 


D can be found first. Then (1) will give h. 


Verses 76 - 79 : Height of a hill 

On a plane land where top of a hill is seen 
for a distance of 1 kosa, we place two $anku in a 
line from hill top at 100 yards distance minimum. 
(76) 

"Each $anku will be 5 hands high and stout. 
Then on earth’s surface, we keep a mirror in line 
of hill top and $anku so that, tops of mountain 
and $anku are seen in one line. (77) 


l From location of mirror, we fix the positon 
of shadow ends and, as in previous method for 
height of lamp through two Sankus, we find height 
of hill and its distance. When hill is very far, its 
height is found by a single Sanku. (78) 
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' A To find the visible and obstructed ree of 
a hill, oblique Sanku is used. 

Notes : Distance of minimum 100 hand is 
taken for accuracy, otherwise there will be very | 
negligible difference. 

A. 


Figure 7 - height of a hill 
A hill of height AB = h and a $anku of A’B’ 
= s height are viewed from mirror at C. Then 
AA'C are in one line and B'C = d is shadow of 
$anku. If BC = D, distance of hill base from shadow 
end, then in similar triangles ABC and A'B'C, 


h D 


S d 


This will give height of hill if distance D of 
hill is known. In practice, D cannot be measured 
as, base of mountain is away from B due to its 
. slope. Hence two $anku have to be used. 


Since AB and A'B are parallel, A'B' will be 
bent. from vertical at B’, if we consider curvature 
of earth. This will be equal to angular distance of 
that place given by D x 360° / 5026 as 5026 yojana 
is circumference of earth equal to 360° arc. — 

First we have to approximate the distance D 
from straight Sanku, then find the angular distance. 
A'B' is bent towards hill by that angle. This will 


"Earth and Sky 911 


give visible distance as line CB’ is horizontal line 
-at B’. By method described in previous, chapter, 
we can find obstructed portion due to earth’s 


"icurvature. 
“Verses 80-82 : Height of tree - 


Height of a tree upto 100. hands can be 


"measured by keeping two $ankus of 10 hands 
‘height at a distance of over 10 hands. Heights or 
i distances between Sanku can be.5 hands also. (80) 


Alternately, we can find the shadows of meru 


"(top of hill or a tree) and Sanku due to sun and 
"moon. Sanku is multiplied by shadow of meru. 
(81) 


Product is divided by shadow of $anku to 


i give height of meru (tree or hill) (82). 


Note - Angular height of sun is same from 


E vall places. 


H Tree height _ .Sanku | height. 
Hence Tree shadow — $anku shadow 


, Verses 83-85 - Height of cloud 


Clouds are almost static when they are not 


: moving, angular distance between cloud and sun 


i 


Tere TUE NEATE Pi NND jz 


` is measured in kala. Similataneously, distance of 


shadow from own place is measured in hands. (83) 


Distance of cloud shadow is multiplied by 
_ trijya (3438) and divided by angular distance from 
"sun. Result will be distance of cloud from shadow 
‘vend. That distance (karna) is multiplied by Sanku 
. Shadow and divided by chàyà karna of Sanku. This 
will be distance of cloud (its base point) in direction 


f | of sun. 
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Distance of cloud base is multiplied by $anku 
and divided by its shadow. That gives height of 
cloud similarly by trairá$ika (Rule of 3). (85) 


Notes : These calculations are based on equal 
proporiton of two sides of one triangle to the two 
sides of a similar triangle. Out of these four 
quantities, if 3 are known, fourth can be calculated. 
This is expressed by Bhaskara II in Lilavati / Chaya 
vyavahara). 

3ufiri 3a aagi cart aha faa 


i.e. all these calculations are full with traira$ika 
as world is full with (3) forms of lord vi$nu. 


(Three forms Brahma, Visnu, Siva of god will 
lead to understanding of fourth abstract and 
unknown form. Or three vedas, give the fourth 
Atharva veda of practical’ applications). 

Shadow of cloud can be seen when it is almost 


in same direction as sun. Thus the angle between 
them is very small. 


Figure 8 - height of clond 
A cloud at O is seen from B. Sun is in 
direction. of BS. Shadow of o is at C and A is its 
base point. 
ZSBO = ZBOC = @ (say) 
In AOBC, 
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sin 0 sin OBC 


BC OC 
gocce ORE 
sin 0 
Sin OBC is slightly less than 1, Sin is slightly 
sin OBC 
less than@ hence dno ^g approx. 


BC 
Hence OC - P where @ is in radians 


5 BIN where @ is in kala 
chaya X trijyà 
Angle 

For the cloud, shadow is AC, OA is height. 
This is similar to triangle of $anku height and its 
shadow. Hence 

OC E AC 

$anku chāyā karna ^ '$anku shadow ` 

OA 
$anku height 
Verses 86-102 : Vision limit for different 
heights. 

In eighteenth chapter limiting distance of 
vision had been described. Now further information 
is given which will make the spherical shape of 
earth more clear. (86) 


ie. chàyà karna of cloud = 


The circle around a $anku with radius equal 
to the limiting distance of vision, is called the 
visible horizon of $anku. (87) 
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The hill which is not visible due to great 
distance, becomes visible when we climb on a high 
place. (88) 

From two hills at a distance, two circles of 
visible horizon are formed. In the common area of 
two circles, both the hill tops will be visible. (89) 

On the boundary of horizon of one hill, the 
other hill will be seen upto some portion below 
the top. (90) 

From horizon point of one hill, the angle of 
visible part of second hill is multiplied by difference 
of height of both hills and divided by distance 
between the two $ankus. This will be sphuta value 
of visible angle in miniutes (lipta or kala). (91) 

If the horizon circles of two hills do not meet, 
then from horizon of one hill, the other will not 
be visible. (92) 

If the horizon circle of a small hill is 
completely within horizon circle of a big hill, then 
from horizon of big hill only big hill will be seen, 
smaller hill will be below the horizon. (93) 

If the horizon circles of both hills touch each 
other, then from the contact point, bigger hill will 
be seen just above the small hill. (94) 

If surface of earth had been plane like a 
mirror, then from small height also, small hills at 
distance would have been seen close to earth's 
surface. (95) 


From the hill top, round shape of earth is 
seen within the horizon circle. The round shape 
of ecliptic also is clearly visible from hill top. (96) 

A person at hill top sees the sunrise earlier 
by asus equal to de$àntara lipta of visibility limit 
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compared to person at the base. He sees the sunset, 
same time later. (97) 


A person of 3-1/2 hands height sees the 
horizon on a plane surface upto 9000 hands. (98) 


If the difference of time at hill top and base 
is less than 1 pala, it is neglected in calculation. 
Even though it is observable, it has no use in 
eclipse. (99) 

Circumfernce of earth is (8,04,24,960) hands. 
On this the visible distance limit is being stated in 
units of 1/4 kosa. First $anku is 4096 hands height. 
Next second to 11th $ankus are each half of the 
former sanku (100); 


To find the visible distance, height of $anku 
is divided by (4096) hands and multiplied by square 
of its visible distance (162? - 26,244). Square root 
of the result is the distance. (101) 


Sl. No. of Sanku Sanku height Visible distance 
in hands (1/4 kosa units) 

1 4096 162 

2 2048 115 

3 1024 81 

4 512 57 

5 256 40 

6 128 29 

7 64 20 

8 32 14 

9 16 10 

10 8 7 

11 4 5 


Radius of earth is (1,28,00,000) hands. We 
find its square and square of radius added with 1 
hand. Of the difference square root is taken. This 
will be limit of visible distance for $anku of 1 hand. 
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To find visible distance, the distance for $anku 
of 1 hand is squared and multiplied with height 
of given Sanku. The square root of the product 
will give visible distance upto 8 lakh hands. ee) 


Notes : (1) Visible horizon 


Fig 1a Fig 1b 


Fig 9 - Visibility circles 

Figure 9(a) shows visibility circles of hills at 
A and B having common area CD. Since this area 
CD lies in both circles, both the hills will be visible 
from any point in it. From point C, B will be just 
visible, but a grater portion of A will be visible. 
Its sphuta angle is defined as 
hi - hy 

AB 

where h; and h; are heights of hills at A and 


Angle of visible poriton X 


B 


In figure 9(b), visibility circle of Bi is com- 
pletely within circle of A. From point D, A will 
be visible, but B, is beyond limit of visibility, hence 
will be below horizon. Visibility circle of B; touches 
it at C. Hence from C both hills will be just visible. 
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(2) Visible distance 
of desired $anku-Sanku 
of height h is placed at 
A. Its visible distance is 
at point B. BC is tangent 
and perpendicular to 
radius OB. Hence 

OC? = OB* + BC? 

or (rth)* = r? + d? 

where r is radius of 
earth and d is distance BC from $anku top 

or r? + 2rh + h? = r? + d? 

or d? = 2rh + h? = (rth? : r? - - - (1) 

or 2rh approx. - - - (la) 

Thus from (1) we add the $anku height to 
radius and from its sqaure, we substract the square 
of radius. That is d^ whose square root is the 
distance d. 

From (1a), d? = 2rh 

If n is distance for 1 hand $anku, then 

n? = 2r 

or d = m^h ord = Vh 


Hence square of visible distance of 1 hand 
$anku is multiplied by height of Sanku and its 
Square root is taken. In this formula, we neglect 
the height square as very small Hence this will 
work only for d upto r/16 = 8 lakh hands. For 
gréater accuracy, we find the distance in com- 
parison to Sanku of 4096 hand height from (1a). 


Fig 10 - Visibility limit 
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Verses 103-108 : Lords of days etc. 

To know the lords of days, years, hora and 
month, the traditional position of planets will be 
assumed. Slowest planet will be kept at top. (103) 


It will be followed by next faster planets in 
order. According to Surya siddhanta their order is 
Sani, guru, mangala, sürya, $ukra, budha and 
candra. (104) 

In this sequence, fourth planet from $ani will 
be owner of day and 3rd from guru will be lord 
of civil year. (105) 

In 60 dandas, there are 24 kala horas. They 
start with mid night at Lanka. (106) 


Beginning with $ukra, 2nd and 3rd etc. 
planets upwards will be lords of,civil months. At 
the beginning of creation, sun was lord of all - 
day, month, year and hora. (107) 


Lords of year (solar and other), months (solar) 
:and days etc are counted from beginning itself. 
(108) 

Notes : This system of ownership was fixed 
by Varahamhira in his Brhatsamhità at the begin- 
ning of Vikrama era. He has stated his time as 500 
Saka, which is actually Sudraka $aka in 500 years 
before Vikram era i.e. 557 BC. By misquoting as 
Salivahana $aka which started 135 years after his 
time, his time is taken as 578 AD. The same system 
was followed in Chaldea in around 300 BC. 


The order of ownership is based on following 
scale of civil time - 


24 hora - 1 day (origin of hours) 
30 days = 2 month 
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12 months - 1 year 

Order of planets with increasing speed is 

(1) Saturn, (2) Jupiter (3) Mars (4) Sun (5) 
Venus (6) Mercury (7) Moon 


Starting with horà lord with saturday, next 
day hora lord will be 25th i.e. (7X3) + 4th lord. 


Similarly after 30 days we cross 3 lords each 
day i.e. 90 lords in 1 month = 12 X 7 + 6 i.e. 7th 
planet will be lord of next month. Thus the 
previous planet or moving upwards in the list we 
get the month lords. 


After 12 months we cross 12 X 6 = 72 lords 
or 10 X 7 + 2 = 2 lords. Thus 3rd lord will be 
owner of successive year. 


Thus Ist hora lord on saturday is saturn, but 
on next day Ist hora lord is sun, hence it is called 
sunday. Thus the weak day lords are found by 
counting 4th planet in this series each time - 
Sunday, Monday etc. 


Verses 109-119 : Extent of spread of light 


Scriptures have said that brightness of sun is 
hundred times the combined light of moon and 
stars. When diameter is 10 times, area of circle is 
100 times. (109) 


Spread of brightness is according to area. 
Hence the light from 1/10th of diameter will reach 
1/10th of distance reached by light from full 
diameter. (110) 


At 10 times distance, brightness becomes 
1/100. Hence, at distance of 2000 times the sun's 
diameter, heat of sun light vanishes. Hence the 
heat of other planets and stars also vanishes at 
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distance of 200 times their diameter because their 
brightness is 1/100 of sun. (111-112) 


Similarly, heat of earth’s energy also vanishes 
at distance equal to 200 times its diameter. 
Brightness of ray however is upto 50 times, this 
distance. (113) 


Visibility of ray is further 25 times the 
distance. This limit has been estimated by me from 
light of lamp, moon and sun. (114) 


Diameter of sun is (72,000) yojanas. Hence 
limit of its heat is upto (14,40,00,000) yojanas. (115) 

Brightness of its rays is upto (7,20,00,00,000) 
and its visibility limit is (1,80,00,00,00,000) yojanas. 
(116) 

Human distance and time units multiplied by 
360° give divine units. According to divine units 
100 crore yojanas is the diameter of universe 
(Brahmanda). Hence, in human yojanas it is 
(3,60,00,00,00,000) yojanas (117-118). 

The limit of visibility of sun (and stars) is the 
visibility orbit of sun. Orbit of that universe 
(circumference) is (11,30,97,60,00,000) yojanas. At 
this distance angular diameter is 1/12 vikala. Other 
planets are 1/72 of this value. (119) 


Notes : Light comes out of a sphere of radius 
r from its surface area 4 zr?, hence its total out 
put is proportional to r?. After unit time, it spreads 
to equal distance in all direction. At distance R, it 
is spread over surface of sphere 4 zR?. So intensity 
of same’ amount of light is propotional to 1/R’, 
which is light per unit area. Thus if r is increased 
by K times, total light will increase K? times, and 
its 1/R’ intensity will be at KR distance. 
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Here, propogation of heat, brightness and 
visibility all are subjective words without any 
quantitative definition. Earth is at distance of 109 
X diameter of sun. Heat limit has been assumed 
to be about 20 times this distance. According to 
this we should feel the heat of mars and venus at 
their farthest distance. We definitely receive some 
energy, but physically we cannot feel the heat. 
Similarly, brightness means very bright and 
visibility means just visible to human eye. This 
depends on eye sight. With telescope, visibility is 
more and light rays go almost to infinite distance. 
Telescopes can see objects upto 10 billion light 
years away. 


Verses 120-122 : Criticism of Bhaskara II 


Sri Bhaskaracarya ! You have said that ākāśa 
Kakáa lies at the place where light of sun vanishes 
and blackness starts. According to you, the planets 
move exactly this distance during a day of Brahmá 
- (1 kalpa). If a learned man like you tells like this, 
we can only feel hurt. (120) 


If a planets moving in any orbit moves equal 
to length of aka$a kak$a, then a man will move a 
distance equal to earth's circumference within his 
own house, why this doesn't happen ? (121) 


You have stated the circumference of sky as. 
(18,71,20,49,20,00,00,000) yojanas. Diameter of sun 
(6522 yojanas according to Bhàskara) is not even 
1 part in 1 lakh parts. Then how the darkness 
upto sky sphere is removed by sun ? 

Notes : These discussions are based on two 
cosmological assumptions 
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(i) Limit of sky is the distance till which sun 
rays reach i.e. sun is visible. 


(ii) All planets move with same linear speed 
and move the distance of sky orbit in one kalpa. 
In a way this is the basis of calculation of kalpa 
and yuga, when all planets complete one revolu- | 
tion. Then from actual linear speed of moon, we 
can calculate length of sky orbit. 


Verses 123-125 : Prayer and end 


God is ocean of surprises. There are infinite 
: worlds within his great body. Their number is not 
known to Brahma also. hence the measurements 
of world in vedas and puranas cannot be false 
(must be true for some world). But I will discuss 
only the planets visible near earth. (123) 


May lord Jagannatha, do good to the beings 
with bodies of 5 elements like sky, by whom 
Sankhasura had been killed giving pleasure to 
gods, whose lotus hand looks more beautiful with 
sign of conch (Sankha), and who is lord of $ankha 
kSetra. (124) 

Thus ends the 19th chapter describing stars 
and sky in siddhanta darpana written as text book 
for correct calculation by Sri Candragekhara born 
in famous royal family of Orissa. (125) 


Chapter - 20 
INSTRUMENTS 


Goladi Yantra Varnana 


. Verses 1-5 : Scope and introduction 


Without instruments, motion of planets and 
eclipse etc. cannot be known easily. Motion of time 
also cannot be known without instruments. Hence 
Sri Candra$ekhara describes the process of constrc- 
tion of instruments according to his intellect. (1) 


Types of instruments are classified on basis 
of sphere or time. Within those also, many sub 
types exist. Out of them some instruments can be 
constructed easily. Some are described for infor- 
mation of laymen. (2) 


Here two types of gola yantras will be 
described. One is of one Kak$a (axis) and other is 
bahu KakSa (multiple axes). One axis yantra has 
been described by earlier àcáryas. Bahu kakSa is 
being described according to my own research. (3) 


After. bath and well dressed, astronomer 
should go to a secret (or reserved) and clean place 
and he should worship various gods - Sun and 
other planets, nakSatras all around. (4) 

Lokapàlas such as Indra, guhyaka and guru 
(teacher) also are worshipped to remove obstruc- 
tions. After that, construction of golayantra should 
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be started for instrument knowledge of students. 
(5) 

Notes : (1) Instruments are necessary to 
explain the model of universe, to make measure- 
ments of planetary positions, and to know the 
times from planetary motions or from automatic 
watches. 


Models are necessary because, three. dimen- 
sional spherical locations cannot be drawn on a 
paper and it is difficult to comprehend their true 
motion without models. The gola yantras described 
here are basically models to explain planetary orbits 
and the sphere of earth. They can also be used to 
make measurements, but the method thereof has 
not been described. 


Construction or name of other handy instru- 
ments has been mentioned only without their 
methods of use. They can be used for rough 
measurements. 


The really accurate instruments can be con- 
structed only at a great cost with govenment 
assistance. Düring thousand years of muslim and 
foreign rule this was not provided, rather sup- 
pressed. We neither know their theory nor have 
samples to see, so that they could be described by 
the author. 


(2 Since last one thousand years, only 
obstruction has been feared in construction of 
astronomical instruments due to foreign rule. 
Hence it has been prescribed that the work should 
be done secretly. Various pujas are for praying 
divine help, as well as to make it look like other 
elaborate pujas. 
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Only when Mughal empire declined after 
Aurangajeb, Sawai Jaisingh, could control a sizeable 
area in Rajsthan and Gujarat and after a lot of 
requests to Muhammad Shah he could reconstruct 
some of the instruments described in earlier texts. 
He collected informations about all practical con- 
strunctions in independant Islamic countries 
motably observatories of Maragha, south from 
Tabriz in Iran founded by Halagi Khan and 
Samarkanda, founded by Ulug beg. He also 
collected many books from Europe to know about 
their current state of development. He procured a 
telescope from European travellers and tried to 
learn the practical methods. Through Jesuit 
travellers to China he procured Chinese lists also. 
However, the attempts of revival lasted only for 
about 20 years from 1720 to 1743 till the time of 
his death. He named his observation tables 
Ziz-i-Muhammad Shahi, so that his work would 
be allowed to continue. Yantra raja-racana and 
sürya siddhanta vyakhya are directly attributed to 
him. In addition, his astromomers like Jagannatha 
Samrata wrote many books. Jagannatha directed 
the observations, wrote books based on Ptolemy 
and Euclid and independant works also like yantra 
prakara. Kevalarama wrote many sàranis (charts) 
for calculating and pancangs. Nayanasukha 
Upadhyaya translated many books and wrote 
yantraraja. 


(3) Instruments mentioned in earlier Texts 
Time Measuring Instruments 
Instrument Author/Text Type 
1 Nadika yantra  Vedanga jyotisa Clepsydra, out flow 
of water clock 
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2 Ghatikà Yantra 
3 Nadi valaya 


4 Phalaka yantra 
Kartari yantra 


6 Dhruvabhrama 
yantra 


7 Kapala yantra 
8 Pratoda yantra 


9 Yantrarája 
10  Swayamvaha 


Sürya siddhanta 
Bhaskaracarya H 


Bhaskaracarya II 
Lalla and Sripati 


Padmanàbha 


Varahamihira 
Gane$a Daivajna 


Mahendra Süri 
Aryabhata I 
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Sinking bowl 
clepsydra 
Equinoctical sun 
dial 

A kind of sun dial 


Equinoctical sun 
dial 


‘Measuring time by 


rotation of saptarsi 
(Great bear) 
Hemispherical 
sundial 

Whip shaped 
gnomonic device 
Astrolabe 
Automatic time 
measuring device 
like clock, nature 
not described 


Coordinate Measuring devices 


Instrument 

1. Turiya yantra 
Gola yantra 

3 Yantraraja 

4 Yasti 


5 Cakra yantra 


6 Capa yantra 


Author 
Cakradhara 
Cintàmani 
Dik$ita 
Mahendra 

Süri etc. 
Bhàskara II etc 
Varahamihira 


Sürya siddhànta 
and Bhaskara II 


Type 
Quadrant 
Armillary sphere 


Astrolabe 


Staff 

wooden or metallic 
wheel 

Half the structure 
of Cakra yantra 


Kartari yantra of Brahmagupta was formed of 
two semicircular plates, in planes of equator and 
meridian planes. They meet each other other like 
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two blades of a scissors - hence named kartari. It 
was translated as ustura - lava which became 
'Astrolab' in European languages. Model for inter- 
section of ecliptic and equator might be origin of 
the word ‘astronomy’. 


Accurate measurements, needed big masonery 
structure which can be constructed only with govt 
help. Jaisingh built the following instruments, 
which are a combination of above in much bigger 
size 

Low Precision instruments 


‘Instrument Number Location 

1. Dhruvadar$aka Pattika 1 Jaipur 
(North star indicator) 

2. Nadi valaya 5 Jaipur (2), Varanasi 
(Eqiunoctical dial) Ujjain, Mathurà 

3. Palabhà 2 Jaipur, Ujjain 
(Horizontal sundial) 

4. Agra 5 Delhi, Ujjain, 
(Amplitude inst) Mathura, 

(2), Jaipur 

5. Sanku 1 Mathura 
(Horizontal dial) 

6. Unknown instrument 1 Varanasi 

Medium Precision Instruments 

1.  Jaiprakàéa 2 Delhi, Jaipur 
(Hemispherical inst) 

2. Rama yantra 2 Delhi, Jaipur 
(cylinderical inst) 

3. Ragi valaya 12 Jaipur 
(Ecliptic dial) 

4. Sara yantra 1 Jaipur 


(Celestial latitude dial) 
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5. Digaméa (Azimuth 3 Jaipur, Ujjain, 
circle) Varanasi 

6.  Kapala (Hemispheri- 2 Jaipur 
cal dial) 

High precision instruments 

Instruments Number Location 

1. Samrata 6 Delhi, Jaipur 
(Equinoctical sundial) (2), Ujjain 

Varanasi (2) 

2. Sasthamáa (60 deg) 5 Delhi, Jaipur (5) 
meridian chamber) 

3. DakSinottara Bhitti 6 Delhi, Jaipur, 
'(Meridian dial) Ujjain, Varanasi 


(2), Mathura 
Instruments added afterwards 


1. Miéra yantra 1 Delhi 
(Composite instrument) 

2. Sanku yantra 1 Ujjain 
(Vertical staff) 

3. Horizontal scale 1 Jaipur 


(Known as seat of 

Jaisingh) 

(4) Most of the texts including the present 
book do not explain how the instruments are used 
for measurement. Their use as model is very clear. 
But they have not been in use for about 1000 years. 
Hence their principle of working is derived from 
their descriptions mainly during Jaisingh period. 
Reference may be made to three authorities in their 
field 


1. Article on ‘Astronomical Instruments’ in 
History of Astronomy in India Indian National 
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Science Academy New Delhi-2, by Sri R.N. Rai, 
former head of Deptt. of Physics, NCERT, New 
Delhi. 


2. Sawai Jai Singh and his Astronomy - by 
Sri Virendra Nath Sharma - Prof of Physics and 
Astronomy, University of Wisconsin, USA - Pub- 
lished by Motilal Banarasidass, New Delhi. 


3. Sreeramula Rajeswara Sarma - His article 
in Indian Journal of history of Science, Vol. 29, 
No.4; Oct.94. and his many other papers referred 
in it. He is professor in Aligarh Muslim University. 


Verses 6 - 44 - Golayantra of 2 or 1 axis - 


Construct a wooden sphere (globe) of circum- 
ference 6 angulas. Position of continents, oceans 
and mountains are marked in it (6). 


Holes are made at pole points and a 
dhruvayasti (polar stick) called meru-danda (meru 
stick or back bone) also is inserted. This rod is 
round (cylindrical) 6 hands long, made of strong 
wood. (7) 


To hold this merudanda, we fix two pillars 
of 5 hands length each firmly at north and south 
ends at a distance of 5-1/4 hands. (8) 


These pillars are fixed in earth or in a heavy 
wooden frame. Height of pillars from wooden or 
earth base will be 5 hands each. At the height of 
3 hands, we make holes in both pillars in which 
dhruva yasti can be inserted. (9) 

Two holes in inclined direction are made at 
an angle with horizontal equal to latitude of the 
place. It is above the 3 hand height point in 
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northern pillar and below the 3 hand height in 
south pillar. (10) 


Two circular strips of 360 angula circumference 
each are constructed. One of them is called kéitija 
vrtta (horizon circle). (11) 

The other circle is called ürdhvàdhara vrtta 
(meridian circle). This is joined to horizon circle at 
north and south points and two holes are made 
at joints. (12) 

Dhruva yasti is inserted in the circles keeping 
globe in middle. Both circles will be loosely fitted 
and greased so that they are rotated easily. The 
dhruva yasti will be inserted in holes of the pillar 
(not specified whether horizontal or inclined holes). 
(13) 

Another bamboo strip 360 angula long will be 
folded into a circle and be kept in plane of equator 
of earth i.e. between horizontal and vertical circles. 
This is called nadi mandala. Angles will marked 
(in time units) on this. (14) 

, On both sides of equator circle, we put 3 
circles on each side at a distance of krantis of 1, 
2, 3 rāśis - i.e. total 6 diurnal circles of decreasing 
sizes. (15) 

On both sides of dhruva yasti, one circular 
plate each will be fixed with yasti through its 
centre. Along the circumference 360' degree 
divisions are marked with one thin pointer at each 
division. (16) 

The pointers wil be fixed with ‘vajralepa’ 
(strong paste or welding) so that they do not fall. 
On this plate we give mark of north pole at 0* 
and south pole at 180°. (17) 
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On the rings of bamboo which start after 
dhruva signs at end of plate, lines are marked at 
the end of 1 angula each, corresponding to 1° 
difference. These signs will be in different planes 
of the rings. (18) 

On wooden globe of earth, we fix thin bamboo 
circles parallel to equator. These will be biggest at 
equator and become smaller as we proceed towards 
poles. (19) 

In the bamboo circle, boundaries of raSis are 
marked prominently. Then àyana corrected mesa 
0* is put in contact with equator circle. (20) 

Maximum difference between this krànti vrtta 
and equator circle will be at sdyana karka and 
makara beginning equal to 23°30’. (21) 

On these circles 6 points are given - east, 
"west, north south points of horizon circle and 
upper and lower points on vertical (meridian) circle. 
These two points (upper and lower) are called 
svastika. Upper point is called zenith (kha-svastika). 
(22) 

Patas of planets like moon is marked on 
ecliptic (kranti vrtta). Moon vimandala (orbit) is 
fixed at that place on kranti vrtta and again at 6 
rasi difference. (23) 


At 3 rāśi difference from these sampáta points 
(of vimandala and krànti vrtta), the distance 
between the circles will be equal to maximum $ara 
of moon in north and south directions. (24) 

Similarly vimandala (orbits) of other planets 
like mars also will be fixed to the krànti vrtta. But 
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their pàta are corrected with $ighra phala. Their 
maximum Sara (distance from ecliptic) is found in 
proportion to their distance (from earth). That will 
be maximum distance of vimandala in north and 
south. (25) 


Horizontal circle at equator is called 
unmandala at other places. This circle measures 
the cara (difference in half day length). Intersection 
with diurnal circle and meridian circle is called 
khàrddha. Perpendicular from kharddha on udaya- 
asta line on horizon plane is called 'hrti'. In great 
circle (equator) hrti is called 'antyajya. (26) 

Both base circles (k$itija and ürdhvadhara), 
equator, ecliptic, have equal diameter. Still kSitija 
vrtta is kept slightly bigger. Otherwise, the circles 
cannot be rotated. (27) 


Dhruva yasti will be firmly fixed with earth. 
Bhagola (the four circles on its surface) is such that 
it can be rotated freely. That can be done by oiling 
the joints. (28) 

_ This way bhagola is contructed and planets 
and stars are shown. Krànti of planets, and Sara 
of planets other than sun is found and their sphuta 
position is calculated. (29) 

These planets are placed in their orbits at 
their rasis. By moving the gola we imagine the 
'pravaha' rotation. (30) 

This bhagola construction. is according to 
Lanka position. Now it is explained as to how 
khagola will be fixed to it. In both pillars at the 
height of poles, holes are drilled by iron nail. (31) 

Then khagola will be formed outside bhagola. 
6 circles are tied firmly to it - kSitija vrtta, pürvapara 
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vrtta (east west), meridian, two angle circles and 
dik mandala. These 6 circles of khagola being fixed, 
bhagola will move within it. (32-33). 

To see the shadow and rising and setting of 
planets in own place, we keep the dhruva yasti in 
the inclined holes of pillar at angle of local ak$amáa. 
(34) 

In khagola and bhagola both - east west circle 
and horizon circle of the local place are tied. (35) 


On khagola, we put nails on the points of 
intersection of yamyottara and samamandala circles 
(upper and lower kha-svastikas are these points). 
On these nails, drgmandala is fixed so that it can 
move freely. (36) 


Drg mandala is kept outside bhagola like east 
west circle so that it can be moved around dhruva 
yasti as desired. (37) 

Drgmandala will be kept on position of a 
planet. When it is kept on vitribha, it becomes 
drkkSepa circle. (38) 

It is impossible for a man to enter within 
these spheres. Hence, we see the planet from 
outside towards earth's surface. This line will be 
same as line of sight of planet from earth's surface, 
but in opposite direction. (39) 


In eight directions (4 cardinal and 4 angle 
directions) of horizon circle 8 small nails are given 
and the hemisphere below it is covered with cloth. 
Above horizon, a wooden horizon disc is kept, so 
that upper hemisphere is seen. (40) 


Alternatively, sphere will be kept inside a 
trench so that lower half remains underground and 
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upper half remains visible outside. Then bhagola 
can be rotated and the visible hemisphere of local 
horizon can be seen according to position of earth 
etc. (41) 

(Siddhānta Siromani) Bhagola is tied with 
dhruva yasti. Yasti is inserted inside khagola tube 
and bhagola is rotated. At end of yasti, two tubes 
or nails are used to keep khagola and drg gola 
fixed. (42) 

One axis gola : This two axis gola made of 
bhügola (earth), bhagola (nakSatras), drggola 
(visible circle) and aka$a gola (sky) can be made 
one axis gola also. (43) ! 

Bhagala (nakéatras) is seen in orbit of moon 
only, hence it can be attached to that only. 
Intelligent persons can change the sizes of these 
golas according to their convenience. (44) 

Notes (1) l 

Fig 1 shows bha-bhū-gola as named in Sūrya 
siddhānta. It includes | gola (spheres) of bha 


yasti 
5 hands 


Horizon plane 


mee 


Figure 1 - Eka-KakSa Yantra 
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(nakéatra) and bhū (earth). The figure shows yasti 
passing through NS in inclined position. Meridian 
circles through north and south poles N and S is 
NZSZ' and horizon is NP SP’ perpendicular to it 
(it cannot be shown on paper) shown by dotted 
lines. 


Small earth globe is at B. EE’ is equator, KK’ 
is ecliptic. One diurnal circle for north krànti is 
shown as AA’, Orbit of moon MM’ is inclined to 
ecliptic touching it at pata R. 

HH’ is horizontal plane passing through holes 
in pillars at 3 hands height above earth or wooden 
frame. Portion above HH’ is visible part of sky 
above horizon. Hemisphere below horizon HH’ is 
invisible. It is covered by cloth or kept under- 
ground. 


Ecliptic, equator and diurnal circles are on 
bhagola sphere which is fixed by wires etc. 


.(not stated in text) and is fixed to polar axis 


(yasti). 

Khagola is outer sphere made of kona circles, 
east west and meridian circles, horizon and 
unmandala - six circles. It is attached to two hollow 
cylinders in which yasti in inserted. 

Outer most sphere is drggola in which circles 
forming both inner spheres are mixed together. 
Hence it is called double sphere (drg = eyes = 
number two). 


(2) This is called armillary sphere in western 


1 astronomy and Dhat-al-Halaq in Arabic. A rough 
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Figure 2 - Armillary sphere 


diagram of armillary sphere is shown in figure 2. 
It is fixed on a stand like a globe. All circles are 
not shown. One metal sphere of 53 cms diameter 
of Jaisingh period is in Jaipur museum. 

(3) Use of the instrument - (i) To find the 
time since sunrise and the lagna at that time, the 
sphere is set so that east point is exactly towards 
east and horizon is level as water. The position of 
sun on ecliptic is now obtained by calculation and 
the bhagola is rotated to bring this point of ecliptic 
on the eastern horizon and a pin is fixed here to 
mark the position of sun. A pin is also fixed to 
mark the point of equinoctical in the bhagola 
intersected by the eastern horizon i.e. east point. 
The bhagola is now rotated west ward till the sun 
throws its shadow on the centre of the earth. The 
distance between mark made on the equinoctical 
and new eastern point of the horizon will represent 
the time from sun rise. The point of the ecliptic, 
now cut by the horizon will be lagna (Siddhanta 
Siromani). 
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(ii) Sun and moon positions - When both sun 

"and moon are visible, ecliptic ring is rotated so 

- that shadow falls on itself. Then outer latitude ring 

is rotated so that its shadow falls on itself. The 

point of intersection of two rings (ecliptic and 
latitude) is spasta sürya. 

Next, at the same time, rotate the inner 
latitude (for sighting, two vanes are kept on a 
diameter) ring, so that moon is seen through the 
two sighting apertures on the vanes. The point of 
intersection of inner latitude ring and edliptic facing 
moon indicates true moon. From the ecliptic, upto : 
the place of sight, above or below ecliptic, the 
angular distance indicates the north or south 
latitude of moon (yantra prakaàra). 


(iii) Planets and stars in night - Calculate the 
sign and the angular distance of a star from 0° of 
ecliptic and it is marked on ecliptic ring. The outer 
latitude circle is aligned with that point and is 
damped there. Then the planet or star is sighted 
with the latitude circle. Another person should 
observe the star with sights of inner circle. When 
this is done, the sign or latitude of the object is 
given by the intersection of latitude circle and 
ecliptic ring. 

Celestial latitude is the angular distance of the 
point of intersection of latitude circle and ecliptic 
to the sighting aperture. 


Yantra prakára recommends two latitude 
circles (orbits) for any planet, one above and one 
within the ecliptic. At inner circle a sighting vane 
: (holes in a diameter direction) is made. Outer circles 

i are in drggola. 
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Verses 45-75 : Bahukaksa yantra (multiple axes). 


Now I describe bahukakóa yantra (multi axis 
or chamber) by whose mere seeing; movement of 
planets, their disc, latitude, direct and retrograde 
motions can be directly observed from earth itself. 
(45) 

Two solid wooden wheels of 1 hand diameter 
each are made. Two pillars are fixed in north south 
direction on an axle kept on two pillars, two wheels 
are kept within the pillars. (46) 


In both wooden wheels, $ara (wooden stick) 
is inserted through a hole and at the end of this 
$ara, a ‘nemi’ (wooden, circuilar strip with divisions 
of 360* marked) is attached. Distance between nemi 
and axle will be 90 angula. Wooden wheels are 3 
hands from each other. (47) 


To move the two wheels with nemi, one 
wooden stick 3 hands long will be inserted in these 
wheels. In the 3 hand distance between wheels, 
orbits of planets and earth will be placed. (48) 


36 angulas from south wheel towards north, 
one rod will be inserted. At the end of that, a 
small size earth will be fixed. Around earth will 
be moon's orbit. (49) 


Moon's orbit will be movable round earth and 
wil be 6 angula length. At half angula distance 
on circumference 1 ra$i will be marked. In moon's 
orbit, kranti, mandocca, pata and candra position 
are shown. It will be fixed to south wheel through 
four rods or pins. (50) 


12 raéi will be marked in south wheel. In that 
scale only mandocca and pata of moon will be 
shown. In north wheel, orbit of other planets will 
be shown. (51) 
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Then a graha cakra yasti (rod containing 
orbits) will be made. This rod will be thin and at 
the end will lie sun. This will be wider at base 
where other planets can be fixed. This rod will be 
for fixing in the north wheel. (52) 


At the end of planet rod (graha yasti), madhya 
sun will be on a thin pin. At 1/4 angula from that 
sphuta sun will be placed in the direction of 
mandocca. This (sphuta sun) will be bigger than 
earth, smooth and perfectly round. (53) 


At 1/4 hands (30 angula) north of graha yasti, 
12 spokes will be fitted with a central wheel. Each 
spoke (ara) will be 3 hands long: (54) 


Madhyama sun will be at end of.southern 
rod at centre of base wheel and around it will be 
orbit of other planets. (55) 


In all these orbits, we show the ucca, kranti 
and pàta etc. It will be marked with rà$i and 
degrees. On its inner surface, the five star planets, 
starting with mangala will be located. Planets can 
. be placed at their places in orbits made of wooden 
strips, which can be rotated. (56) 

First orbit around madhyama sun will be of 
mercury with circumference 18 angula. Next 2nd 
and 3rd orbits will be of Sukra (36 angulas) and 
mangala of 72 angulas. (57) 

Guru orbit will be of 246 angula and $ani of 
441 angula. These orbits called vimandala will be 
joined with unequal nails. (58) 


On these south facing nails, vimandala is 
fixed. The nails wil be equal in gola sandhi 
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(equinox position) where the orbit will be in 
east-west plane through medium sun. (59). 


In south ayana end (max. south kranti), nails 
will be longer and at north ayana end they will 
be shorter. Their difference will be proportional to 
kranti difference in north and south ayanas. (60) 


To rotate sun orbit, a hole in north wheel is 
made at 7/38 angula distance from centre of wheel. 
This hole is bigger in uttaráyana (north kranti) and 
smaller in south ayana. Graha cakra rod will be 
inserted into it. (61-62) 

From outside of the north wheel, graha yasti 
is rotated in east direction. Planets will be fixed in 
their proper positions of rasi etc, through pins. 
(63) 

We set it so that sun at end of yasti is in 
east west circle and in gola sandhi from earth (mesa 
0* sayana). At beginning of sayana karka, sun will 
go (3/2/30) angula north and in sayana makara 
beginning same distance south. (64) 

The circular hole (in north wheel) also will 
be similarly at more or less distance. Graha cakra 
yasti can also be rotated from south side by putting 
hands within its spokes. (65) 

We find the manda sphuta graha (as seen 
from centre of sun) for the desired time. Sun will 
be rotated to its position as seen from earth. (66) 

As seen from earth, graha will be seen at its 
sphuta rasi etc. Then we come out of instrument 
and again rotate it westwards. (67) 

Alternatively, an intelligent person can make 
an ecliptic with 27 nakSatras marked. It is fixed in 
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bhagola at proper place (inclined at 23°30’ to 
equator). In this nakSatra circle, we see the direct 
and retrograde motions of the planets easily. (68) 

Or, we fix two pillars east and west from sun 
at distance of 344 angulas distance. In that, circle 
of kranti will be fixed showing 1°=6 angulas. (69) 

Mean sun is put west from earth and mangala 
is kept at 6 rasi difference from that in its orbit. 
(70) 

The line from earth to mañgala is extended 
upto sign in the east direction. In this direction, 
sun will be located in orbit of 48 angula. (71) 


Mean sun will move 1 angula (7-1/2°) in half 
a fortnight (1/48 of year). mars will move 1 angula 
in same period (equal to 5° in 72 angula orbit) 
from sun. From the sun-mars line, the earth mars 
line will be upwards in the east pillar. (72) 


As seen from earth, motion of mars will look 
retrograde. Similarly, the forward and retrograde 
motion of other planets also can be seen. Motion 
of moon and its eclipse should be seen from 
equator plane. (73) 


Moon orbit is kept between $ukra and 
mangala orbits, so that they don't collide. To move 
the planetary orbits to east or west, care has to 
be taken, so that they do not bend or break. (74) 

This is description of my bahu kakśa (multi 
axis) yantra. In this, motion of planets can be seen 
as in sky. This can be seen separately for each 
planet with help of thread (to know the direction). 
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Notes - Oi is centre of north wheel W, with 


Figure 3 - Bahukakéa yantra 


nemi N, around it. At P when OP = 7/38 angula, 
yasti PS is inserted. In middle there are 12 spokes 
fixed around a wooden base. On nails from spokes, 
orbit of planet R is inserted. Earth is inserted 
through a rod fixed at centre Oz of wheel W2. W2 
also has Nz of 90 angula radius. Around earth E 
orbit of moon M is fixed through rods connected 
to wheel W2. 


Thus earth and moon are fixed in middle 
through south wheel. At same position, orbits of 
mean sun, and planet orbits around it, are fixed 
through north wheel, as shown in diagram. 


Through the angles graduated on nemi of 90 
angula radius on each wheel, we can see the 
plafietary position. To see them more clearly and 
to measure through thread, an ecliptic circle in 
middle is placed through pillars in east west 
direction. | 


` The orbits in east west plane and ecliptic are 
shown below in figure 4. 
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. Figure 3 - Motion of Mars from earth and sun 

E is earth with orbit L of Moon. S, 5, are 
positions of sun around earth and M, M; the 
coresponding positions of mars at interval of 1/2 
fortnight (7-1/2 days) S Sı = M Mi = 1 angula. 

In beginning S and M are on opposite 
directions from E with S in west and M in east. 
Position of M in ecliptic is Q. Position of M; after 
7-1/2 days is Qı as seen from sun Sı and Q: as 
seen from earth. Q2 is above Qi. 

Verses 76-77 - Kala yantra 

Gola yantras of 1 and many axis have been 
described. From movement of shadow of any object 
or of own body, or from rotation of an instrument, 
time can be known. Still for the knowledge of 
laymen, I state about Kala yantra (time instru- 
ments). (76) 

Time can be known from cakra yantra, yasti, 
capa yantra (semi circular), $anku, quadrant, ghati 
yantra, phalaka yantra described by Bhàskara, a 
glass pot, water, sand or thread yantra etc. Persons 
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knowing yantra can use any of them to find time, 
(77) 


Verses 78-81 - Golàrdha yantra 


A hemispherical bowl is made in earth like 
lower half of a water pot. Its circular base is 
upwards on ground level. On that, direction points 
like east west are marked. The ground level circle 
is dividor of the sphere. (78) 


On its internal surface, east-west and meridian 
circles (half portions) are drawn. Below the south 
point, north pole is marked at difference of latitude. 
Then we draw a circle with centre at pole and 
difference between sun and pole as radius. (79) 


This will be the diurnal circle for that time. 
A straight Sanku of height equal to radius of diurnal 
circle is kept. The diurnal circle also will be marked 
with danda pala etc. From position of $anku, 
shadow at that time can be known. Intelligent men 
can know the time during night also by observing 
moon. (80-81) 

Notes : This has been called kapala yantra by 
Varahamihira etc. But kapala yantras described by 
Aryabhata and sürya siddhànta are water instru- 
ments. Varahamihira instrument is movable 
hemishphere with a Sanku equal to radius at its 
centre. Its plane surface is raised so that north 
elevation is equal to latitude, i.e. it is in hoirzontal 
plane of equator. 


: However, the kapàla yantra here are fixed 
bowl excavated in earth as described in siddhànta 
samráta of Jagannatha and yantraprakara of 
Jaisingh. Jaisingh made two modifications, his 
JayaprakaSa yantra contained cross wires in north 
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È , 
“south and east west directions on ground level 
“instead of Sanku. Thus intersection of cross wires 
| is tip of Sanku. From that, we know the coordinates 
: in both directions. Another hemisphere on its side 
: is also used for transforming horizontal coordinates 
into equatorial coordinates and not for observation. 


The main golardha yantra may be called 
kapala A, it is shown in figure 5. Its surface 
represents inverted images of two spherical coor- 
dinate system - horizon system and equatorial. In 
. horizon system, the rim of hemisphere is the local 
horizon and bottom point, the zenith. Cardinal 
` points are marked on rim and cross wires stretched 
between them. 
O Sun 


Ww V To North Pole 
Local latitude 


ane 


North 
N 


Figure 5 - Golárdha yantra 


O is intersection of cross wires EW and NS 
‘or tip of $ahku. N, W, S, E are cardinal points. 
P is position below S on great circle passing 
through N, S and bottom point (lower half of 
Meridian). From bottom zenith point a number of 
:equal azimuth lines are drawn upto the rim or 
‘horizon. Next, a number of equally spaced circles 
with their centres on vertical axis passing through 


B 
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zenith are inscribed on the surface. These circles 
are parallel to rim and intersect the equal azimuth 
(angle with east west direction) lines at right angles. 

For equatorial system, a point on meridian 
below south point S on rim represents the north 
celestial pole. At a distance of 90°, a great circle 
intersecting meridian at right angles represents the 
equator. On both sides of equator, a number of 
diurnal circles are drawn. From the pole, hour 
circles radiate out in all directions upto rim. These 
coordinates measure the time as stated in this book. 


On a clear day, the shadow of the cross wire 
falling on the concave surface below indicates the 
coordinate of the sun. These coordinates may be 
read either in horizon or in equator system as 
desired. The time is read by shadow's angular 
distance from the meridian measured along a 
diurnal circle. 

For determining ascendants, this has a set of 
12 curves on its surface. The curves represent 12 
ascendents. On a clear day, the shadow of cross 
wire falling on one of the curves, indicates the 
ascendant or sign emerging at the horizon at that 
very moment (In JayaprakaSa, madhya lagna is 
indicated). 

The ascendant lines are drawn from the fact 
that sáyana mesa 0° always rises at east point on 
horizon. Then pole of ecliptic is exactly 90" away 
from the east point on its diurnal circle. With the 
location of pole as starting point (kadamba), divide 
the diurnal circle of pole into 12 equal parts. Then 
with these points of divisions as centres, draw arcs 
of radius 90° on the surface. These arcs represent 
path of the sun's shadow on the instrument's 
surface. 
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* North pole 


East 


— 
Original north 
point 


Figure 6 - Kapala B for change of coordinates ` 


In figure 6, Kapala B has arcs representing 
two sets of coordinate systems - horizontal and 
equatorial. For the horizon system of coordinates, 
rim of instrument represents the meridian and 
north point Z of the rim represents the zenith. 
Another point at distance of latitude of place to 
the east of this zenith, designates north celestial 
pole. The north point of the original horizon is 
located at the east, pint of the rim. The “original 
horizon" lies in the vertical plane passing through 
the east-west points on the rim. A great circle 
passing through the north and south points of the 
rim and bottom point of the rim represents the 
prime vertical (yàmyottara circle). 


First, a point on the instrument's surface is 
plotted in given coordinates. Now angular distance 
of this plotted point from equator is found along 
; hour circles. This is declination. Similarly, distance 
from rim of meridian gives the hour angle. Finally, 
by adding or substracting from hour angle, the 
angular distance between vernal equinox and 
meridian at time of observation, we get the right 
ascension (equatorial longitude). 
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The angular distance between any two stars 
may be determined by plotting two points on the 
instrument according to their coordinates and 
spanning the points with a dividor. Then from the 
graduated scale on rim, the separation in degrees 
in found. 


Verses 82-92 - Mana yantra 

Now I describe Màna yantra which càn be 
used to find the angular difference between two 
planets or stars in the sky. We can also know the 
height and distance of a hill or a tree etc. (82) 


A plane surface is made smooth by thick paste 
layer. A circle of 360 angula circumference is made 
and marks at interval of 1 angula = 1° are given. 
With same centre a wooden circular board is made 
and its centre is put on centre of ground circle. 
From the centre, lines are drawn to the 360 angle 
marks at circumference. (83) 


At circumference of wooden board, even the 
degrees may be further subdivided. At centre of 
the board à strong and straight rod is inserted 
with length equal to the radius. (84) 

Size of board may be 4, 5, 30, 15 or any 
desired part of the ground circle. (85) 

Rod is held in hand and board is kept in 
plane of two planets or stars. By keeping the 
rod and an angle line in direction of planet, we 
know their angular difference. The difference in 
degrees is divided by 6 and multiplied by trijya 
(3438). (86) 

Result is divided by diameter of diurnal circle 
of that day, to .-. time difference in danda. 
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Height of Hill 
Distance from base of hill to Sanku base 
= X Sank jyà 
drgiya 

Same way height of a tree is found. (87) 

A dark cloud also can be seen through 
manayantra to find its angle of elevation or 
depression. Its drgjya is multiplied by (2500) hands 

(average height of dark clouds) and divided by 
$anku to find the distance of cloud base and own 
position. (88) 

In finding height of trees or hill through two 
Sankus, we use mana yantra as a śańku. Its shadow 
at a near place is calculated. (89) 


Then at a farther place the Sanku and its 
shadow is calculated. Second $anku shadow is 
multiplied by first Sanku and divided by first 
‘shadow and second $anku. it gives the ratio of 
distance of second shadow and first shadow from 
base of hill. Remaining method has been explained 
earlier. In this method height and distance can be 
calculated even when the ground is plane or 
oblique. (90) 

For more correct value of tree or hill, yasti 
will be taken 5 hands long. Then the end of rod 
is kept in line of hill top. Then another $anku is 
kept between observer and hill, so that its top and 
hill top are in one line. Then we proceed as per 
earlier method. (91) 


As we observe the north pole (in meridian 
circle), by same method we observe hill top (in 
any other direction). By seeing the jyà of elevation 
_(unnatajya = proportional to height) and jyà of 
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depession (drgjyà proportional to horizontal dis- 
tance) at two places we can find the height and 
distance of the hill. Drg jya gives distance and 
unnatajya gives height. (Text describes east west 
difference jyà, this means distance in any direction, 
not in north only). (92) 


Notes (1) : Construction of màna yantra has 
been described very clearly. But purpose of such 
construction is ‘not clear. Oriya translation by 
Pandita Vira Hanumana Sastri terms it ‘mapa 
yantra’ whose meaning is same. However, Bhaskara 
and Lalla have termed it yasti yantra, as mentioned 
in this chapter verse 77 also. Bhaskara II has 
mentioned that ‘dhi’ (i.e. intelligence) is main 
instrument (yantra) for using yasti or other instru- 
ments. But Sri S.D. Sharma has described a yantra 
named ‘dhi yantra’ on that basis. Yasti has to be 
used with a plumb line, hence Sri Sharma has 
considered dhi yantra as a stick with plumb line 
at its end. 


Figure 7 - Construction of mana yantra 

Figure 7 shows construction of màna yantra. 
A circle C of 360 angula circumference (i.e. 57/18 
angula radius) is drawn at plane ground. Its 
circumference is C and centre O. With same centre 
O, a wooden circle D is kept. C is divided into 
360 divisions of angle. From O lines are drawn to 
each mark so that D also is divided into 360 parts. 
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-This appears to be purpose of drawing bigger circle 


- for accurate division of angles on wooden board. 


;Then the degrees can be subdivided. A pole OP 
‘equal to radius of C (57/18 angula) is kept. 


According to Bhàskara, D should be of radius equal 


‘to dyujyà. But this circle is made on the ground. 
` When wooden circle is formed this is not important, 
^only angle divisions are necessary as it is clear 
- from verse 85. Length of rod equal to radius (57/18) 
` makes it easy to calculate the jyà of bhüja and koti 
directly if it is kept in bent position. 


(2) Uses : Verse 92 very clearly says that 


i elevation of hill will be seen by same method as 


. used for seeing the elevation of pole star. Siddhanta 
ë Siromani yantra-dhyaya verses 40-42, describe 
; method for finding elevation of pole star and 
: bamboo etc, by using 'dhi yantra’ (instrument of 
intellect). Commentary by Sri Kedāradatta Jo$i gives 


; the following method as agreed by others. 


seer rang 


B .-7* 
D 
V 
1 B 
o A : 
Li 
[o] A C 
Fig-8b-drgjyáà & unnatajya 
E A , ý 


Figure 8 - Sanku and chàya from yasti or māna yantra 


OB is yasti of length equal to radius (57/18 
angulas i.e. 1 angula = 1° = 60 kala). Eye is kept 
;at O and OB is FAS towards north pole in 
" direction OP. Perpendiculars are drawn on earth 
| form O and B through plumb lins OO’ and BA’. 
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Perpendiculars from both ends of yasti have to be 
drawn as eye is above the ground level. 

Then OA = O'A' is the bhuja or bhuja jya 
because we have taken OB = R. This is proportional 
to distance of an object or drgjya. In Fig 8b, 
natāmśa of object D is ZVOB or ZVOD and its 
jya is OA = drgjya. 

AB = A'B - OO’ = Koti is the jyà of unnatamáa 
which is ZBOA in fig 8 B. 

DC is height of object (proportional to 
unnatajya) and OC is its distance (proportional to 
drgjya) becuase OAB and OCD are similar triangles 
and 


OA _ AB 

OC CD 

(3) Elevation of sun with yasti 

To find the elevation of sun, we keep the 
yasti at centre of circle and point the other end 
towards sun, so that no shadow is formed. Since 
yasti = R, its perpendicular on ground is unnata 
jyà of sun and distance of base of perp is drgjyà 
or jyà of natàmáa. 

In 60 danda sun moves 360' , hence in 1 
danda it moves 6°. We see its movement along 
diurnal circle, hence to convert its elevation in 
equator, we multiply it by radius (3438) of equator 
and divide by semidiameter of diurnal circle 
(dyujyà) - (Verses 86-87) 

The distance between $anku and the east west 
line in known as bhuja. Difference of bhuja of two 
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gankus (in same direction) is multiplied by 12 and 
divided by difference of $ankus is gives equinoctical 
shadow (palabha). 


If we observe Sanku at three times, in 
morning, evening and at mid day we know 
declination and from that position of sun can be 
known (indicating the north). The base of morning 
and evening $ankus is on rising setting line which 
is parallel to east west line through centre of circle. 
Then midday shadow gives the north south incline . 
of sun whose sum or difference with akéamáéa (or 
palabha) gives declination as explained in chapter 
5. 


(4) Difference in two planets : Lalla describes 
the method of finding angular distance between 
sun and moon from which tithi of a lunar month 
can be known from formula 


Moon - sun 
12° 

He described this as a Sakata yantra because 
two hollow tubes joined at angle are used, like 
two bamboo joined at angle to form chassis of 
bullockcart (Sakata). One tube is kept in direction 
of sun and through other, moon is seen (when 
both are visible). This position of tubes is clamped 
and put on the circle with point of intersection on 
the centre. Angle difference read on the ground 
is the angle between sun and moon. Similarly 
angular difference between any two planets can be 
known. 


= Tithi 
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This is described under use of yasti by Sri 
R.N. Rai. Here no yasti is used, however, the 
graduated circle on ground is put to some use 
(with ‘dhi’ yantra i.e. intellect). 

(5) Use of circular disc : By bending yasti in 
any direction and using a plumb line elevation of 
any object on earth or in sky can be known. More 
conveniently it can be done with $akata yantra or. 
inclined tubes (Lalla). Siddhanta Darpana refers to 
those methods only. Then what is the use of fixing 
rod at centre of a graduated circular disc ? 


The clue is given by $alàkà yantra (needles) 
mentioned by Lalla. He uses long pins to be used 
as $anku and hypotenus of shadows, but when 
disc is available, we can use pins only to read its 
angle measurements. Rod can be taken as a 
permanent pin at the centre. For that purpose it 
should have one sharp end, exactly perpendicular 
to the central point. We have to set the disc in 
plane in which difference of angle is to be measured 
and kept fixed in that position. For height of tree 
or hill, it will be vertical with edge of disc in 
direction of the tree etc. Then both points (base 
and top, or two objects in sky) are seen. In 
direction of rod and one of the points, pin is given 
at circumference of the disc. In line with other 
point and rod a another pin is given. The angular 
distance between the two points gives the angular 
distance between two objects (or elevation of top 
from base). 
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Figure 9 - elevation through mana yantra 

Disc of mana’ yantra is kept in plane of 
observer and points A and B whose angular 
difference is to be found. Edge of the rod (yasti) 
passes through the centre O of disc. In line with 
point O and B, we put pin pi. Similarly pin P» is 
put in line OA. Thus ZP; OP; = ZAOB - ZP,OP 
is read from distance Pı P; as O is at centre of 
the circle. 


(6) Use of yasti as in double $anku method: 
In double $anku method we use Sanku of same 
height. But here, we use the yasti as karna, hence 
$anku unnatajya has different lengths. Thus we ` 
have to divide the $anku shadow by their $anku 
to know the proportionate length of shadow as 
mentioned in verses (88-89). It will be more clear 
from figure 10. 


A 
h 
T2 
C P B P o 
€-----:---- > €--------- > 


Figure 10 - Height of hill through yasti 
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We observe the elevation of hill AO of height 
h from point B and C which are at distance x and 
y = xta from O. Yasti is CT? = BT; = Radius R 
(3438. Thus Sankus at B and C are not equal 

ie. Sı # S2 

as in two Sanku method. 

. Bhuja or chàyà of $ankus are cı, c? given by 

ci = BP, C2 = CP; 

Then in triangles BT;P; and BAO 


. 81] E cy EDU 

E (1) 

Similarly, in triangles CT? P2 and CA 

S2 C2 s 

po e | 
Dividing these two equations (1) and (2) 
Bh n EP Y 

$2 C X 

Aw x ob 
Hi S2€1 P X 8) 


This is the formula given 

Now y = x + a where a is distance between 
shadow ends (where yasti is kept on ground). 

a is measured, then l 


M 
x x x 

a y . 
Hence muc e lis known from (3) 


and then x is known from value of a. Then 
from, (1) h can be calculated. 
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We keep bigger $anku and rods for more 
accuracy. 

Verse 93 : Cakra yantra is circular. Its half 
i.e. semicircular instrument is called capa yantra. 
Half again of capa i.e. 1 quadrant is called turiya 
yantra. Cakra can give any time in day or night, 
cápa yantra gives time in day, and turiya during 
half day. Turiya yantra has been called yasti here. 
(93) 

Notes : (1) Cakra yantra - 


Figure 11 - Cakra yantra 
The cakra yantra has been described by 
Varáhamihira as follows - 


Take a circular hoop, on whose circumference, 
the 360' degrees are evenly marked, whose 
diameter is 1 hasta, and which is half an angula 
broad. Through a small hole in the circumference, 
allow a ray of sun at noon to enter in oblique 
direction. We get the zenith distance of sun at mid 
moon. (The oblique direction can be seen by a 
pointer of diameter length). 

It is not explained how the time will be 
determined. Other astroromers recommend cakr> 
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yantra of metal or seasoned wood and of 3 meters 
diameter. A needle should be kept at centre whose 
shadow at lower end gives the height of sun. 
Cakra yantra built in observatories of Jai Singh 
at Jaipur and Varanasi is shown in figure 11. Jaipur 
piece is 6 ft. in diameter, one inch. thick and two 
inches broad, faced with brass on which degrees 
and minutes are marked. They are mounted on 
pilars and fixed so as to revolve round an axis 
parallel to earth's axis. At southern extremity of 
the axis, and on pillar which supports the 
instrument, there is a graduated circle in the plane 
of equator. This axis carries a pointer, which 
indicates the hour angle on the fixed circle. The 
main movable circle carries an index and a sighter 
through which heavenly bodies can be observed. 
There are certain prominent stars whch are 
very near the ecliptic. Their celestial longitude 4 
and latitude £ are - 
Pusya ( ô cancri; A = 128°1’ p = 07.5) 
Maghà (aLeonis, Regulus, A = 149'8', p = 
0°28’) 
Satabhisaj (4 Aquarii,A = 340°’53’, B = 0°23’) 
Revati (6. PiscicumjA = 19°11’, B = 0°13’) 
The circle should be held such that the above 
stars should appear to touch its circumference, then 
the circle will be in ecliptic plane. While observing 
any of the stars, one should observe a planet and 
determine the distance between the star and the 
planet. This distance is added to longitude of star 
in west or substracted from it, when star is east 
of planet, to get longitude of the planet. 
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(2) Capa yantra - A large semicircle is divided 
into 180' and subdivisions of a degree. At its 
centre, a fine hole is made through which a needle 
is inserted. It is held in such a way that, chord 
in horizontal. Then it is rotated so that both sides 
are equally illuminated by rays of sun. The number 
of degrees between horizon point (bottom of 
circumference) and shadow of the needle gives the 
zenith distance of sun. The distance from base of 
yantra is elevation. From them time after sunrise 
or before sunset can be calculated as explained 
earlier. 


Figure 12 - Capa yantra 
Capa yantra of Aryabhata is slightly different, 
in which chord end was kept on the ground and 
gnomon or needie was moved on the circumference 
so that its shadow fell on the centre. 


(3) Turiya yantra - 

This is formed of fourth part of a circle, hence 
called ‘Turiya yantra’. It is made of flat plate of 
metal and each arm (radius) is about 1.5 meters 
in length. It is graduated into 90* and degrees are 
further subdivided. A small nail is fixed at the 
centre and quadrant is kept in meridian (north 
south vertical) plane. One arm of quadrant is 


960 Siddhanta Darpana 


vertical and other horizontal (this side will be upper 
most facing away from sun). At mid day, shadow 
of nail will give zenith distance. The difference of 
mid day zenith distance at its least value (for places 
north of 23-1/2'N) for sun in sàyana cancer and 
greatest value for sun entering capricorn is double 
the angle of inclination of ecliptic. Time can be 
found as with càpa yantra. 


In another form, a small tube is fixed at the 
centre pointing towards point on circumference 
along one of the arms. Another small tube is fixed 
at this end pointing towards the centre. This end 
is known as the horizontal point end and point 
on circumference is known as sky point. A plumb 
line is suspended from the centre. The quadrant 
is now held in such a way that rays from sun 
entering the tube at the centre fall on the tube at 
the horizontal point. The degrees between this 
point and plumb line gives zenith distance of sun. 
Degrees between plumb line and other side give 
height of sun. Moon, planets, starts can be 
observed by placing eye at horizontal point and 
observing bodies by directing instrument at them, 
so that they will be observed by the light entering 
both the tubes. 


: >< 
Zanith Elevation 
distance 


Figure 13 - Turiya vantra 
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The yantra cintamani recommends that each 
arm should be divided inot 30 parts and half chords 
parallel to the other arm should be drawn from 
each point. Also an index rod should be fixed .to 
the tube at the centre rather loosely so that it will 
revolve freely along the circumference. 


Verses 94-97 : Measure of time intervals 


Figure 14 - water or sand clock : 

(1) Water or sand clock : One upper and one 
lower glass pots are joined through a thin hole in 
the middle through which water from upper pot ` 
falls into the lower pot (figure 14). (94) dL 

When the first pot (filled with water) is kept 
up, it takes a fixed time for water to enter lower 
pot completely. Same time is taken when second 
pot is kept up. In this sand also can be used 
instead of water. 

(2 Nara yantra : A hallow idol in human, 
monkey or peacock shape is made by a good 
artisan. A tube with thread inside it is fitted in it. 
It is kept in a water pot. Due to attraction like 
mercury, water enters it drop by drop. It fills up 
in 2 ghati (1 muhürtta) and then water comes out, 
through jewelled mouth. 
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Notes : Fig. 
15(a) shows an out 
flow type water 
clock in which the 
water comes out — B 
drop by drop from) : 
mouth of bird like Fig 15a Fig 15 b 
pot. The water Figure 15 - Out flow type water clocks 
comes out through 
a thin tube which 
can be adjusted by 


inserting a thin wire to reduce the rate of water: 
flow. TT 


Common water flow instrument is a simple 
cylinder shown in figure 15(b) in which water 
comes out through a hole at bottom in 1 ghati or 
muhürtta. Since this was in shape of Nali (tube or 
cylinder) it was called nalika yantra. Hence Nali 
or nàdi was used for this instrument as well as 
the time unit of 1 ghati measured by it. This was 
used in vedic age and in ancient Egypt. 


(3) Kapala yantra - A hemispherical bowl will 
be made with a small hole at bottom. It is kept 
on water so that water enters slowly through the 
hole. Size of hole is adjusted so that bowl is filled 
in 1 ghati. This is called Kapala yantra. 

Note : This was 
called kapala yantra by 
Aryabhata. But it was::::::- EE 


yantra due to its shape iLELERIINIZNIIE 
like a water pot 

(ghata). The time unit 
measured by it (24 


Figure 16 - Kapala yantra 


Instruments > i l 963 


minutes) and pot both are called ghati due to that. 


In every town people were kept to maintain 
this instrument who struck a bell (ghanta) at end 
of each ghati. hence hour is called ghadi or ghati 
or ghantà both. The people were called 'ghadiyalis'. 

Due to heavy weight of bowl, it drowns with 
audible sound in water before it is full completely. 
Weight of the bowl and hole are adjusted so that 
sinking time is exactly 1 ghati. 

Verses 98 : Bhaskara has stated about phalaka 
yantra in detail, so it is not described here again. 


Notes : Falaka yantra as stated in Siddhànta 
Siromani and explained by Muniévara in his ‘marici’ 
commentary is described here. Proof given by 
Muniévara and explained by Sri R.N. Rai is also 
given. 


' R 

i Figure 16 - Phalaka yantra 

A phalaka or board of metal or good seasoned 
wood of rectangular form is made, 90 angula high 
and double i.e. 180 angula in length. At middle 
point of the length we should attach a chain by 
‘which it can be held in a vertical plane. From this 
middle point, a line is drawn which is perpen- 
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dicular to the edge and is called the lamba rekha. 
This is divided into 90 equal parts, each of one 
angula. Through each of the dividing points we 
should draw lines parallel to top and bottom edges. 
These horizontal lines are called sines. 

With the point of intersection of 30th sine 
from the top and lamba rekhà as the centre, a 
circle of radius of 30 angulas is drawn. This circle. 
will cut the lamba rekha at the 60th sine and its 
diameter is equal to 60 angulas. Now circumference 
of circle is marked with 60 ghatis and 360° and 
each degree is divided into 10 parts of 1 pala each. 
A pin is inserted at the centre of circle through a 
hole which is considered as the axis. 

A thin pattika or index arm of copper or 
bamboo is taken 60 angulas in length, divided into 
60 parts. It is half an angula broad except at 
beginning where it is 1 angula broad and where 
a hole is bored for suspending it near mid point 
of board. Graduated side of pattika coincides with 
lamba rekha. 


In fig. 17, PQRS is a board 18 units long and 
90 units high aOCe is lamba rekha, and aO = 30 
units. With O as centre and Oa as radius, circle 
abcd is drawn. Index arm is of length Oe and is 
inserted at O. The hole is so adjusted that one 
side of index arm coincides with Oe when it is 
suspended at O. . 


The rough ascensional differences in pala are 
determined by khandakas or parts divided by 19, 
‘will here become the sines of ascensional differen- 
ces adapted to this instrument. 
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R sine (asc. diff) = R tan $ tan ò, or Carajyà 
and the rough values of arcs corresponding to the 
first, second and third signs at a place are 10, 8, 
3-1/3 palas when equinoctical shadow is 1 angula. 
These are the values when R = 3438. When the 
radius is 30, the arcs will be multiplied by 30 and 
.divided by 3438. To make them asus, they will be 
further multiplied by 6. Thus the arms for three 
signs are ; 


30 x 6 1 
| 3) X 3438 = (10,8,3 3/9 | 
Since the arcs are small, the jyà of these values 
are approximately same. 


The numbers 4, 11, 17, 18, 13, 5 multiplied 
 severally by the equinotical hypotenus and divided 
by 12 will be khandakas or portions at the given 
place. These are for each 15 degrees of bhuja of 
sun's longitude. 


(10,8,3— 


For sáyana longitude of sun we make the 
bhuja, and add the khandakas for completed 15* 
parts or fractions. Sum is divided by 60 and added 
` to equinoctical hypotenus. The result is multiplied 
by 10 and divided by 4. The quotient here is called 
yasti in angulas (digits). This number of angula is 
marked off on pattika counting from hole at O. 
Proof of for- 
, mula 
In figure 18, let 
- P, S, Z be north pole, 
Sun and zenith. If 
p A is altitude of ‘sun, 


Figure 18 - Phalaka Yantra 
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are ZS = 90° - A. If 6 is north declination of sun, 
then arc PS = 90° -ô . If ¢ is latitude of the place, 
arc PZ = 90° - ¢. 

Cos (90°-A) = cos (90 - 6 ) cos (90 - $ ) 
+ sin (90 - 0) sin (90 - ¢) cos T. 

where T is hour angle of sun. 

or Sin A = Sind sing + cos ô cos ¢ cos T 
sin A — sing. sind 

‘cos $ . cos ò 


where T is the time from mid day or to 
midday. If the sun is in southern hemisphere, ô is 
negative. hence 


or cos T = 


RsinA = ; s 

R cos T = FT + R sin (asc. diff) 
according as declination is north or south 

1 h : — 
Now, —— e 2 12 ' where h is equinoctical 

Que of ganku of 12 angulas. Hence 
h RsinA _ 

R Cos T = + 39 od + R sin (asc diff) 


= y sin A + R sin (asc diff) 


. where y = D o. cos 0 and is called that yasti 
N = h _R = R A 12 
9W Y 7 12 cosó ` 12 12 |cosó 


R h 12 (1 — cos ò) 
EE TET. LE cos 6 j 


R her ar | 


Ii 


12 cos 0 
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When the bjuja of sun's longitude is 15, 30, 
45, 60, 75, 90, the value of 12 (1-cosó) /cos Ó is 4, 
15, 32, 50, 63, 68 sixtieths .respectively. The 
differences of these values are 4, 11, 17, 18, 13, 5 
which have been given above. On multiplying these 
difference by h, equinoctical hypotenus and divid- 
ing by 12, the quotients found are called khanda 
for a place. By assuming bhuja of sun's longitude 
as an argument, we can find the result through 
khandas. Let r be this result, then 


r 10 r 
"rg EE Ur 


because in the instrument R - 30 


10 r i 
Thus Š cos T iT (h + eo? Sin A 


+R sin (asc diff) 

It is evident that the value of the yasti, y will 
-always be greater than 30 because h is always 
greater than 12 except at equator where h is 12. 
At equator, yasti will be equal to 30 only if à = 
0. If on holding the instrument so that rays of the 
sun illuminate both its side (so that it is in a 
vertical plane), shadow of the axis at O cuts the 
circumference of the circle abcd in s. The angle 
. Sob is equal to angular height of the sun. 


Now the index arm is put on the axis and 
putting it over the place where the shadow cuts 
the circle and measuring along index arm a length 
equal to yasti found above, let m be the point so 
obtained. Then 


= ysin Å 
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If the place is on the equator, we have to 
find T such that R cos T = mn. Then T gives value 
of time in degrees to or after midday. 


At any other place, the correction for asc. 
diff. has to be applied. For sun having north krànti, 
R sin (asc. diff) is substracted from mn. Let the 
amount to be substracted be mr. Then R cos T = 
tt’ and the angle is given by the arc ct. If the sun 
is in southern hemisphere, correction mr’ is to be 
added and R cosT - TT’ and the angle is given 
by arc CT. 


Once table of values of the yasti and correction 
for asc. diff for different bhujas of sun’s longitude 
has been constructed for a place, the instrument 
will give time very quickly. 

Verses 99-108 - Svayamvaha yantra. 

For svayamvaha yantra (automatic rotating 
instrument) we make a disc of 60 angula circum- 
ference. At each angula of the circumference one 
-line is. given corresponding to 60 dandas in a day. 
.At 5 angula intervals, bigger marks are given (5 
ghati = 2 hour interval). (99) 


A smooth axle is fited at centre of this disc 
and is fitted on two pillars in north south direction 
3 hands high. Disc should have uniform weight 
so that it moves freely. (100) 

The disc can rotate in east west plane. Sun 
and moon signs are given at east and west 
horizons. Below west horizon a copper tube is 
placed vertically. (101) 
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This tube will be 60 angula long. At bottom 
a small hole wil be made, so that water comes 
out in 60 dandas. Below it a pot will be kept to 
keep the outflown water; otherwise it will spread 
on ground. (102) 


Then a thread is tied round the circumference 
passing from lower, eastern and top portion and 
coming back near the tube. A weight is suspended 
through the thread. (103) 


The thread is made smooth through wax or 
grease (parada). When weight is put in water, it 
will slowly turn the wheel once in a day-night. (A 
light weight - hollow cover of hard fruit is 
recommended which will float on water). (104) 


In east horizon a pointer will be kept which 
‘will be near sun mark at sunrise time. Starting 
from sun rise time, the mark on circumference 
touching the pointer will indicate the time lapsed 
in day-night. Next day also wheel will be set in 
same way. (105) 

Lower half will be kept covered so that it is 
not seen by visitors, otherwise their curiosity will 
be lost. This secret method should be shown only 
to good students. (106) 


The gola yantra stated earlier can also be 
rotated like this svayamvaha yantra. Another view 
about this is being stated. Two circles are made of 
thin wood (circular disc with a wooden groove) to 
be fixed near dhruva. (107) | 

In hole of dhruva cakra, we put dhruva yasti 
after oiling it properly. Then west of the sphere, 
two nails are fixed and two tubes are fixed below 
them. (108) 


Two weights are suspended from the nails 
,into the tubes. Thread is tied around gola upto 


- 
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the weights. Then gola yantra will move in equator 
circle like east west circle. 


Notes : This is a crude and unnecessary 
instrument when accurate clocks on spring and 
pendulum action have already been made in 
Europe. First mechanical clock was made by 
Giovanni de Dondi between 1348 and 1362. This 
clock indicated motions of sun, moon and five 
planets with'a series of gears. The use of the 
pendulum as a controlling device was suggested 
by Galileo and independantly .discovered by 
Huygens (1629-95). Thomas Tompion in 1676 built 
two spring winding clocks with 13 foot pandulums, 
beating two seconds for Greenwich observatory. 
These clocks could go without winding for almost 
one year. 


In stead of pendulum, eccentric free wheel 
was used in table clocks and wrist watches for 
keeping correct time. The rotation was made with 
electric power also in electric clocks. The electric 
movements in 20th century were controlled with 
electronic oscillations stabilised by oscillations of 
quartz crystal. These are most popular now and 
very accurate. 


60 
angulas Svayamvaha 


yantra 


«---------5 i= 


Figure 19 - Svayathvaha Yantra 


1 
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More accurate watches for scientific purpose 
are made on basis of oscillations of Cs atom or 
Ammonia laser. These give error of less than 1 
second in 10,000 years. Even at the time of 
Candra$akhara accurate clocks and watches were 
available in India. However, he has imagined a 
svayamvaha yantra mentioned by Aryabhata and 
sürya siddhanta whose mechanism has not been 
mentioned. This mechanism in principle can work, 
but it will be very rough. Eye estimate of time 
may be more accurate than this. Scheme of 
construction is shown in figure 19. . 


Verses 110-113 - Conclusion 

(Surya siddhànta) By acquiring knowledge of 
graha, nakéatra and gola, a person becomes rich 
and goes to graha loka after his death. (110) 


(Siddhànta Siromani) - Graha knowledge is 
divine and beyond human perception. It was given 
originally by the creator (Brahma), then it was 
spread on earth by sages like Va$istha. This sacred 
knoweldge should not be given to violent, 
treacherous, wicked and men of unsteady wit. By 
not obeying this injunction of sages, one loses his 
longevity and result of holy deeds. (111) 


May the brightness of Supreme lord always 
come before my vision for giving pleasure, whose 
mahaprasada stops re-birth and purifies down 
trodden like me by taking it in hands, mouth or 
stomach. (112) 


Thus ends the twentieth chapter describing 
instruments in Siddhànta Darpana written as a text 
book for accurate calculation by Sri Candragekhara 
born in respected royal family of Orissa. (113) 


Chapter - 21 
REMAINING EXPLAINATIONS 


Vasana Sesa Rahasya Varnana 


Verse 1 - Scope - After completing description 
of graha and, gola, the rationale of mathematical 
methods is being explained as answer to questions 
posed earlier. 


Veses 2-6 - Difference in day lengths 


Horizon of equator is called unmandala for 
other places (on same longitude). Sunrise occurs 
in own. horizon for any place. Between local 
horizon and unmandala (horizon of eqautor).(2) 
the portion of diurnal circle intercepted is cara. 
This is the difference between sunrise times at 
equator and local place. It is day time when sun 
is above horizon in its diurnal circle. (3) 


When sun is below ‘horizon, it is night. 
Equator is the largest diurnal circle. It is bisected 
by horizon of all places. Hence, when sun is 
moving on equator, day and night are equal at all 
places. At equator, day and night are always equal. 
(4) 

When sun is north of equator, then in north 
hemisphere, sunrise is before equator rise and 
sunset is after equator sunset. In south, 
hemispehre, it is reverse. (5) 

Reason is that in north hemisphere unmandala 
is above horizon. Before reaching unmandala 
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(sunrise at equator), sun comes at local horizon 
and local sunrise occurs. In the south hemisphere 
unmandala is below horizon (hence opposite 
occurs). (6) 

Notes : Already it has been explained in 
chapter 5. 


“Verses 7-13 - Day-night at poles 


Special event occurs at places whose latitude 
is more than 66-1/2° which is being told here. (7) 


On north polar region (66-1/2°N to 90°N), it 
is day as long as sun has north krànti and it 
becomes night when sun has south krànti. (8) 


Equator is horizon for deva (in north pole) 
and asura (in south pole). Hence north pole. is the 
zenith of deva and south pole, that of asuras. (9) 


When sun is in north hemisphere, devas see 
it moving above south horizon. When sun is in 
south horizon, it is seen above north horizon by 
asuras. (10) 


Half portion of the ecliptic (sàyana mesa 
beginning to sayana tulà beginning) is north of 
equator. Thus when sun is in north hemisphere 
for first half of ecliptic, it is day time for deva and 
night for asura. It is reverse when sun is in south 
gola. (11) 

However, smrtis has stated that for uttarayana 
(i.e. north ward movement) of sun, it is day of 
deva and night of asura. Dakéinàyana (southward 
movement) of sun is night of deva. After midday, 
.Sun starts going down in the direct on of night 
and after midnight, it starts going up in direction 
of day. (12) 
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Hence from mid night itself start of day is 
assumed. Thus day of deva (gods) starts with 
uttaráyana. By celebration of day starting rituals 
then by men, gods become happy. (13) 


Notes : Séyana makara sankrànti is the start 
of uttarayana (just before christmas). Bhisma waited 
till christmas for his death after being mortally 
injured in Mahabharata war. Now we are following 
nirayana system, hence christmas falls on 25th 
December (winter solstice on 23rd december) and 
makara samkranti on 14th January. Thus makara 
sankranti is celebrated as a festival. 


Sayana makara sankranti is start of grand day, 
hence christmas is called bada dina. In civil calender 
it falls on màrg$irsa month. Twilight period is 
1/12th of day time i.e. 1/24 of day night. In grand 
day of 1 year it is 15 1/4 days approximately. Hence 
15 1/4 days before start of margaSirsa, it is bada 
Osà (grand twilight). 


Verses 14-17 - Other day-nights 


Brahmà is very far from earth, hence he 
always sees the sun and his day continues. Only 
when sun is destroyed in pralaya, his night starts 
and he sleeps. This is stated in Puranas. (14) 


Day night of others (deva-asura, and men) is 
due to one sun only. At the end of Brahma’s night, 
another sun rises (because previous one has been 
destroyed). (15) 

When sun is visible, it is day and when it is 
obstructed, it is night. Thus for pitrs living on 
moon's back surface, day-night is equal to a lunar 
month. (116) 
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At the end of amavasya, it is mid day of 
pitars and at end of pürnimà, it is mid night. 
Bright half 8th day is their evening and dark half 
8th day is their sun rise. (117) 

Notes : Brahmá's day is when creation of sun 
and planets is on. When creation is destroyed, it 
is pralaya. In modern cosmology, it is expansion 
of universe, when matter is in different forms. At 
the time of contraction, there will be infinite rise 
in temperatures corresponding to pralaya. 

Pitara live on the other side of moon. Hence 
when we see bright moon, it is dark for them. 


Verses 18-22 - Different rising times of rasis 

The portion of ecliptic touching east horizon 
is lagna at that time. The portion of ecliptic 
touching west horizon is the asta (setting) lagna 
for that time. (18) 

Between east and west horizons, the lower 
and upper directions cut the ecliptic in points called 
4th and tenth lagnas. These can be known from 
tripra$nadhikara. (19) 

Oblique portion of ecliptic rises and sets 
quicker, but straight portion being longer (on 
equator) takes more time to rise or set. (20) 


Hence the rising times of rasis of ecliptic are 
not equal. At equator 90° part of ecliptic rises in 
15 ghati. 180° (half) of ecliptic rises in 30 ghatis. 
(21) 

Whatever is stated or ommitted here, should 
be explained by the instructor, by rotating the 
model of globe (earth) and ecliptic. (22) 
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Verses 23-26 : Ecliptic parts visible at places 


At akéaméa 69°48’, dhanu and makara ràáis 
are not visible, but mithuna and karka always rise 
(they never set). (23) 


For place of akéaméa 78'30', 4 rāśis starting 
with vr$cika are always below horizon and 4 rāśis 
starting with vrsa are always above horizon. (24) 


At aksamSa 90° north (on sumeru), 6 raSis 
starting with tula are never visible, but other 6 
rasis are always visible. (25) 


Thus in deva part (north hemisphere) and 
asura part (south hemisphere), raSis are visible or 
invisible acording to latitude (ak$amáa) of the place. 
The rāśi which is always above horizon in deva 
part, is always below horizon at that latitude in 
asura part. (26) 


. Notes : Condition for a star being circumpolar 
has already: been explained in chapter 8 on lunar 
‘eclipse. The north kranti of a star being more than 
colatitude of the place, the star will never set. 
Similarly south kranti being more than colatitude 
for north. hemispehre, the star wil not rise. The 
south kranti of (270°+30°) i.e. dhanu, makara or 
north kranti of mithuna karka (90° + 30°) is 20°12’ 
ie. sind = Sin 60° X Sin 23°30’, thend = 20°12’. 
Hence at 69°48’ = 90° - 20°12’, dhanu, makara 
never rise and mithuna, karka never set. Similarly 
kranti for vrsa beginning 30° or simha end 150° 
is 11°30’ hence at 78°30’ = 90°-11°30’, the rasis 
between them never set. Here, the rāśis are sayana. 


Verses 27-28 : Unequal linear speeds - 


If yojana speed of planets is considred same, 
then according to their angular velocity, orbit has 
to be made bigger. (27) 
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Then the $ighra paridhi of planets doesn't 
come to observed value. Hence, the planets starting 
from budha sukra with successively lower speeds 
in angle must have lower linear speeds also. (28) 

Notes : Relation with $ighra paridhi has 
already been explained in chapter 19 verses 53-54. 


Verses 29-31 - Heliocentric motion 


In old texts also the diameter of planets 
(angular), Sara (latitude) and sighra phala are stated 
to change. Thus they also accept the heliocentric 
orbits, through do not state it specifically. I have 
stated it clearly. (29) 


Sun and moon rotate around earth and other 
planets rotate around mean sun. They move in 
east direction as seen from mean sun. (30) 


This is the natural motion of planets, which 
is due to attraction of mandocca. When planet is 
far or near earth, its angular speed changes. (31) 


Notes : Change in áighra phala and distance 
have been explained in chapter 5 and 17, which 
indicates heliocentric orbit. This should have 
included earth also, but assumption of solar orbit 
around earth makes no diference in relative speed, 
hence there is no contradiction. 


Linear speed of a planet around mean sun or 
earth has been assumed constant. Actually linear 
speed also is reduced when it is far from centre 
of orbit. Its angular speed is further reduced due 
to increase in distance. 


Verses 32-41 : Calculation from kalpa beginning 


Different astronomers have given different 
numbers of revolutions of graha and their ucca. 
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Hence some astronomers (Aryabhata) tell that time 
periods of kalpa etc are not correct. (32) 


But this is against scriptures and hypocricy. 
If we assume the kalpa bhaganas of mean sun and 
moon, then present mean positions can be known 
from lapsed civil days in the kalpa. (33) 


We see that 1400 years after Aryabhata, even 
1 kala difference has not occured in positions of 
mean sun and moon. Thus the theory of ancient 
scriptures cannot be considred wrong. (34) 


Due to almost fixed position of sun mandocca, 
madhyama sun speed can be ascertained for 5-6 
years, only by seeing earth shadow etc. (35) 


But mandocca of moon moves faster, hence 
its ucca motion or mean motion cannot be known 
without siddhanta. (36) 


By repeated observations of moon only its 
variation in motion can be known. Since speed of 
‘Sani is very slow, we cannot find its mandocca 
and mean motion in less than hundred years. (37) 


Due to these reasons, revolution of sun and 
moon, years months and days etc should be 
counted from kalpa beginning only. Thus the 
assertion of siddhantas also are correct. (38) 

The difference in bhagana (revolutions) of ucca 
and pata of moon and of mangala can be observed 
in a yuga only. The revolutions numbers in a yuga 
are for rough calculations. Accuracy can be 
achieved by revolution numbers in a kalpa only. 
(39) 

Learend Bhàskaracárya found errors in cal- 
culations from yuga revolution numbers. Hence he 
assumed complete revolutions only in a kalpa. (40) 
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He ignored the creation period and made 
calculations from kalpa beginning itself. According 
to him, kalpa started from mean sunrise at Lanka, 
not from mid night. (41) 


Notes :  Bhàskaracarya has explained 
'bhaganotpatti^ (origin of revolution numbers) in 
detail in goladhyaya. 

Moon's motion among the stars can be seen 
most easily, at the rate of 1 nak$atra per day. 


Tropical revolution of sun can be found very 
easily with change of seasons and interval between 
equinoxes. 


Sidereal revolution of sun could have been 
by following method - (1) Repeatition of solar or 
lunar eclipses and comparison of lunation and 
sidereal revolutions of sun. (ii) Observing the star 
which was rising at sun set. Motion of sun within 
stars will be seen towards east within a month. 
From sidereal and synodic motions of moon, the 
difference speed of sun could be determined (iii) 
The sidereal revolution can be checked after one 
year by heliacal rising of a particular star. 


Among tara grahas, average sidereal periods 
of mercury and venus coincided with sun, thus 
they were found oscillating around sun in smaller 
orbits. Other 3 tara grahas had very longer periods 
of direct motion. Their sidereal periods could be 
found by periods between heliacal rising and 
settings. Let x" be angular speed of a planet in a 
day, and a* be the speed of sun. Then during one 
day, sun over takes the planet by (a-x)'. Thus their 
synodic period S between consecutive heliacal rising 
Or settings is 
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360 
a—x 


From the value of x, we can calculate sidereal 
period 360/x as a is already known. 


As the inner planets appear to oscillate around 
sun, similarly for outer planets mars, jupiter, 
saturn, earth will appear to oscillate round sun. 
Seeing in reverse, the average of sidereal period | 
round earth and round sun will be same. Hence 
-bhaganas given in our siddhantas tallies with 
heliocentric revolution period given in modern 
astronomy. This result has been proved by D. Arka 
Somayaji in ‘A critical study of Ancient Hindu 
Astronmy’ published by Karnataka university, 
Dharawar. 


The revolution of planets and pata and ucca 
of moon make complete revolutions within a period 
of 43,20,000 years. This is the minimum period of 
complete revolutions and has given the definition 
of a yuga. 

Mandocca and pata of other planets move 
very slowly and minimum period of their complete 
revolution is 1000 yuga or a kalpa. 


Verses 42-54 : Reasons of correcting bhaganas 
Bhaskaracarya found that positions of sun and 
moon were more, when calculated from gumber 
of days lapsed since kali beginning. (42) 
Hence, he deducted the difference kalas from - 
the revolutions of sun and moon and changed their 
revolution numbers. (Sun correction was made by 
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ommitting creation years, start of kalpa from 
sunrise etc.) (43) 


Similarly, he found bhaganas of other planets 
‘by making correction (bija) from calculated posi- 
tions to tally with observation. (44) 


By his bijà corrections in sun and moon, it 
became clear that bhaganas are not fixed (otherwise 
corrections will not be needed). (45) 


Calculation. of sun and moon by present 
siddhànta (i.e. siddhànta darpana) confirms well 
with the observations. But there is more error in 
Bhaskara method. (46) 


Had the correction in bhaganas been done 
before Bhaskara to calculate the observed position 
of planets, (47) then the error of Bhàskara values 
would have been less. 516 years before him 
Brahmagupta had stated revolutions in a kalpa in 
which he found errors. (48) 


Thus he revised the revolution numbers which 
is his great achievement. But his defect is that he 
started motion of planets from kalpa beginning (not 
deducting years of creation) and from Lanka 
sunrise (instead of mid night). (49) 

Still, by recording the correct planetary posi- 
tion of his time he has done a great favour to me 
(author made further corrections on that basis) with 
lesser intellect. (50) 

Aryabhata, Satananda, Bhaskara II etc. wrote 
about planet positions of their times and calcula- 
tions according to them were done by Kama 
(Kamalakara) Bhatta etc. (51) 

I have compared their calculations with 
Present position of planets and accordingly I have 
found the correct bhaganas. (52) 
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Thus I feel that my calculations will hold true 
upto 10,000 years in future. There is not likely to 
be any difference in tithi, nak$atras etc or true 
positions of mangala etc. (53) 


I do not know past, present and future. Hence 
my methods cannot remain valid for ever. How- 
ever, after 10,000 years, corrections will be needed 
in bhagana values to correct the true position of 
planet as observed then. (54) 


Verses 55-70 : Corrections after ten thousand 
years. 


If the planets calculated after 10,000 years 
according to kalpa bhaganas are less or more than 
the true position, the following numbers will be 
added or deducted to kalpa bhaganas to get correct 
values. The corrections can be some multiple of 


given values also. (55-60) 
Addition to Multiples Deductions Multiples 
rus of these from Bhagana of these 


Mars 455 
Mercury 
Jupiter 
Venus 
Saturn ] 

Thus there are 33 atternative multiples of 
corrections. If there is difference of 30 kalà between 
Bhàskara time (1124 AD) and my time (1869. AD) 
ie. in 745 years, then this substraction or division 
will have to be made. (61) 


For tithi and nakáatra or, for eclipse, we need 
mandocca and pàta of moon. Hence their correc- 
tions are being stated. (62) 


Kalpa revolutions of candra mandocca have 
been stated to be (48, 81, 17, 940) (63) . 


2,3,4,5,6,7,8,9,10 
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After long period, (how much ?) if the 
observed values are more than values calculated 
from this figure then this revolution number will 
be corrected. (64) 


We add or substract 1672, 2381 or 4053 (65) 


If in the revolutions of moon pata, there is 
difference of 1° in observation and calculation after 
10,000 years, (66) 

we add or substract 1672 to pàta bhagana of 
moon. Correction to revolution of kranti pata will 
be (3090) or (67). 

(5170), (6180) or (8360), double or triple of 
(8360) i.e. (16720), (25,080) or (19,810) or (28,170). 
If kranti pata doesn't become correct even after 
that, then kranti will be found from shadow of 
sun. (68-69) 

Sun will be calculated from calculation as well 
as from shadow (by method explained in 
tripra$nadhikara). 

Notes : It is not given here whether the 
corrections are for 1* error or not. Same correction 
is recommended to Bhaskara figures for errors upto 
30' i.e. 1/27. Thus the minimum error which can 

. be measured with eye is 1/2° First let us see the 
correction in Bhaskara values. 


Values of Bhaskara - If error is seen in shorter 
period, correction is more. 


Revolution Correction Correction | Multiples of 
: for 745 year for given values 
10,000 


2,29,68,28,522 +42,590 12.49 
17,93,69,98,984 -31,843 2.46 
36,42,26,455 -71,250 4.36 
7,02,23,89,492 -1,31,632 4.12 
14,65,67,298 *72,418 2.05 
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Thus the figures are not corrected from 
Bhaskara by this formula. Actually all the figures 
for these planets are quoted from Brahma sphuta 
siddhànta. Brahmagupta mentioned revolution of 
moon in a yuga in that book, hence moon's 
revolution for kalpa were quoted from his other 
work Khanda Khadyaka. Brahmagupta was the first 
to give kalpa revolutions, who claimed the origin 
in Brahma siddhànta and Visnu dharmottara 
purana (those parts are not available now). 


Let us see the corrections of Brahmagupta 
figures by Bhaskara in 516 years. That also doesn't 
follow these figures or their multiples. 


It is clear from the figures that the correction 
for outer planets are proportional to (sun-planet) 
speed, i.e. the comparison is made between synodic 
periods. Figures of mercury and venus are proper- 
tional to their periods of revolutions. Except for 
Jupiter there is too much difference in positive and 
negative corrections and there are two many 
optional multiples of correction for venus. They do 
not fit into any consistant theory. 

1° error in 10,000 years becomes 4,32,000 
degrees error or 1200 bhaganas in 1 kalpa. This figure 
approximately tallies only with figures of Jupiter. 
Corrections are reduced so that change at present 
time is complete bhagana (to be found by 
indeterminate equations) 


Verses 71-78 : Guru years 


According to Brhatsamhità of Varáhamihira, 
when creation started, Jupiter was at beginning of 
mesa. Hence it must have entered kumbha rāśi 
after 22 years. (71) 
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Then guru year named ‘prabhava’ started. 
Again when guru entered mesa, the year was $ukla. 
(72) 

Hence to find the guru year starting with 
‘prabhava’, 2 rasis are added to mean Jupiter. If 
bhaganas of Jupiter are changed in future, then... 
(73) 

Guru revolution will be divided by 5 (because 
guru varsas are 60 in 5 revolutions of 12 years 
each). Since beginning of creation vi$vavasu (39), 
51st kapila or pingala - - - (74) 

3rd ($ukla) or 15th vrsa or 27th vijaya 
samvatsara will be counted (corresponding to full 
revolution, samvatsara number will change by 12 
or its multiple). The name of samvatsara current 
in a country should be written. (75) 


For those assuming kalpa revolution 
(36,42,57,840) of Jupiter, samvatsara should be 
started with $ukla only. (76) The mean Jupiter 
calculated from this revolution number should be 
reduced by 15 kalà to see its real mean position. 
(77) 

After 1142 years (19X60+2), we should calcu- 
late guru according to above value and traditional 
value and see whether same value comes. Then 
corrections should be made. (78) 

Notes : Traditional guru year is as given by 
sürya siddhànta which assumes 3, 64, 220 revolu- 
tions in a yuga instead of (3, 64, 257.84) assumed 
here. 


Verses 79-83 : Calculation of padakas 


When there is error in astronomical calcula- 
tions, god as protector of world order creates a 
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man to correct this subject. Only that man is able 
to understand this subject. All cannot know the 
secrets, (79) 


Motion of planets in 1 day has been given in 
kalà etc in 10 sub-divisions. To find the motion in 
days which are multiples of 10, the daily motion 
will be multiplied by 10. (80) 


Smallest division value is divided by 60. 
Remainder is kept there and quotient is added to 
next higher division. Number at that division also 
is divided by 60 and so on. Product is again 
multiplied by 2, 3 - - - 9 and divided by 60 starting 
with smallest place, to know motion for 20, 30, 

- - 90 days. (81) 

Results are kept till vipara (-1/60X60 vikala) 
position. Starting from rà$i we keep the total for 
5 places in chart (upto parà only). (82) 

These will be written in columns. These 
, numbers are called padakas. It is easier to calculate 
planets from ahargana with them. (83) 


Verses 84-86 : Geocentric corrections 


Finding true positions of planets through 
mandaphala and $ighraphala is applicable only for 
observing from earth. Same position will not be 
observed from other planets. (84) 


The positions observed from other planets will 
be found from the distance of that planet from 
earth and other planets from sun. This is the 
meaning of mandaphala and $ighraphala. (85) 

(Siddhànta $iromani). Earth centre is also the 
centre of nak$atra mandala, but it is not the centre 
of planetary orbits. Hence a planet will not be seen 
at its mean position, when observed from earth. 
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Hence, astronomers correct the mean planets by 
bhujaphala (manda or Sighra) to find true position. 


Verses 87-112 - Eccentric circle for moon 


To understand the process of finding true 
planets and see their real position (for sun or 
moon), we make kak$à vrtta on plane ground with 
scale 1 angula = 1° (i.e. radius = 3438’ = 57°18’ = 
57/18 angula). (87) 

Circumference of kaksa vrtta will be 360 
angula. In this, 12 rasis from mesa are marked 
starting from east point. (88) 


At the centre, earth is formed of 9 angula 
diameter. Mandocca of moon is imagined in mesa 
at some distance.from earth. (89) 


From centre of earth at a distance of twice 
the jya of antya phala (300’X2=600 = 10 angulas), 
a point is given in the direction of mandocca. (90) 

From mid point of line joining this point and 
centre, we draw a perpendicular equal to trijya. 
The end point is at distance from centre or antya 
jya given by square root of sum of squares of trijyà 
and antya jyà. (91) 

Twice the distance (115/2) is divided by 60 to 
make it angula. With this diameter, we draw a 
circle from mid point of centre-antya. ((2) 


This circle will be called 'prativrtta^ (Eccentric 
circle) of radius (57/31). This is formed due to 
attraction of mandocca. (93) 


Pratimandala (Eccentric circle) meets the kaksa 
vrtta at the end of odd quadrants and is equal to 
that. At end of even quadrants, its width is 26 
kala more than kaksa vrtta. (94) 
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Manda kendra of the graha is its distance 
from mandocca. This kendra moves in opposite 
direction of the planet. Hence in pratimandala ra$i's 
are written in opposite direction. (95) 


When manda kendra is equal to 12 rāśis, the 
difference between kakśā vrtta and prati vrtta is 
maximum equal to 5/13 angula.: (96) 


For manda kendra in 6 ràái, this maximum 
difference is (4/47) angula. At these pláces, the 
attraction due to ucca and nica are maximum. (97) 


When mandocca is in east, pratimandala is 
attracted towards east. When moon is at the end 
of mithuna. (98) 


..it will be at end of dhanu in prativrtta (same 
points measured in different directions). When it 
is at end of dhanu ràái in kaká$à, it will be at 
mithuna end in prativrtta. (99) 


Since planet is attracted towards ucca in east, 
true planet will be less than mean planet in north 
part of orbit in six rasis from mesa beginning. (100) 

In south part of orbit in six rāśis starting with 
tula, true planet is more then mean planet. At 
beginning of mesa and tulà, true and mean planets 
are same. (101) 


We draw lines from earth centre to true and. 
mean planets. These lines will cut both the circles. 
(102) 

The difference between two lines in prativrtta 
in kala is the manda bhujaphala. This is oblique 
almost in direction of mandocca. (103) 


Between the two circles, portion of line from 
earth centre to true planet is koti or kotiphala. 
Dohphala and koti phala are squared and added. 
Square of sum is karna ,(true distance). (104) 
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This karna line is inclined towards mandocca 
(from line to mean planet). The difference between 
two planets (mean and true) is antyaphala or 
antyajya. From diagram of this true moon, we can 
find observed values of karna and bimba and 
eclipse also. (105) 

Bimba (angular diameter) of graha is smallest 
at ucca and largest at end of 6 rasis. For kendra 
of 6 and 12 rāśis, there is no bahu (bhuja) phala 
and kotiphala is maximum. (106) 


For manda kendra at end of odd quadrants, 
mandaphala is maximum and kotiphala is zero. At 
these places bimba of planet has mean value (half 
the sum of ucca and nica bimbas). (107) 


Planet is slowest at ucca where it is farthest 
and is fastest at nica due to nearest position. Its 
variation is same as bimba value. (108) 


Though motion is same, gatiphala is negative 
in 6 rāśis starting with makara and positive for 
manda kendra in other six rasis (starting with 
karka). (109) 


(Siddhanta Siromani) In oil mill, bullock 
moves in one direction, but the crusher of oil seed 
moves in opposite direction. Similarly in nicocca 
vrtta, planet moves in the opposite direction. (110) 


When sun and moon in ucca kakSa are in 
odd quadrants, their distance is more than trijyà 
and it is attracted towards ucca. (111) 


Notes : Elliptical motion of a planet is 
approximated by two equivalent methods - one by 
nicocca vrtta or manda paridhi and the other by 
eccentric circles. Both the methods give ap- 
proximate mandaphala from which true man- 
daphala is obtained by a geometrical construction. 
It can also be done by continuously varying 
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mandaparidhi which makes the orbit completely 
equivalent to ellipse as proved in chapter 5. Here 
this has been done by unequal eccentric circles 
which is a new idea in siddhanta jyotisa. 

Figure 1 (a) and 1 (b) show epicycle (man- 
daparidhi) and eccentric circle methods with fixed 
manda paridhi 


Figure 1C - unequal pratimandala 

Fig 1 (c) is of unequal pratimandala described 
here. In all the figures E is centre of earth, UMN 
is kakSa vrtta of sun or moon. U is mandoca and 
N is nica in that circle. Mean planet is moving on 
this circle in anti clockwise (positive) direction, and 

its distance from U is manda kendra. 
: C is on line EU such that EC is parama manda 
phala at U (mandakendra = 0' or 360°). M is a 
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position of mean planet. At U position, mean and 
true positions both start from same direction, Ui 
is the true position. In 1(a), true planet is on manda 
circle with centre at M and radius EC, but is moving 
in opposite direction. In (b) and (c), true planet is 
moving in a circle with centre at C in same 
. direction. Thus CT; |! EM in (b) and MT; II EC 
and equal. Thus in all figures CEMT, is paral- 
lelogram. 

In 1(a) and 1(b) Ti on second circle is the 
approximate true position. T1C meets kak$à vrtta 
at S. If ES meets MT1 extended at Tı then T is 
the true position of planet. This can also be done 
by continuously varying the mandaparidhi, due to 
which path of T becomes an ellipse. If mandaparid- 
hi is r and kak$à radius is R, then change in manda 
radius is T1T. In similar triangles 


. TT, S and SCE, 
Tı T “CE. or 


r r uh 
or TT = 5 X TS = g x (ET — ES) 


Here K = manda karna © 


Thus T gives the correct position of true 
planet, as per changing r. In fig. 1(c), the elliptical 
motion is obtained by increasing the radius of 
pratimandala so that, for mandakendra at Q or Q’, 
at end of Ist and 3rd quadrants, true and mean 
planets are same. Then radius of pratimandala CQ 
is given by 


992 Siddhanta Darpana 

^ CQ? = EC? + EQ? = (parama mandaphala)? + 
(Trijya)’ 

Here CT II EM, but CT is slightly bigger then 


EM Hence MT is approximately in direction of EU 
but not exactly parallel to it. 


For moon EC = 300 kala = 5 angula 

CQ = v34382 + 300? Kala = 57/31 angula 
R = 57/18 angula 

UU; = EU; - EU 

= (EC + CU) - R 

= 5 + 57/31 - 57/18 = 5/13 angula 

NN, = CN - CN; = CE + EN - CN, 

= 5 + 57/18 - 57/31 = 4/47 angula. 


This explains the varying parama manda 
phalas. 


Similarly we can explain variations in bimba 
and gatiphala also. 
Verse 113-114 : Ucca kaksa 

Manda karna of sun and moon multiplied by 
53 and 23 respectively give their ucca karna. 
Accordingly their ucca kakSa should be imagined. 

Notes : For sun, ucca radius (karna) 

- mean distance of sun (manda karna) X 53 

- 76,08, 294 X 53 - 40,32,39,582 yojana. 

Ucca karna of moon = 48,705 X 23 = 11, 20, 
215 yojana 

This has no physical relevance. Ucca of these 


planets move with much slower speed than 
suggested by these orbits. 
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Verses 115 : Corections for moon 


There is no logic behind pàta of moon and 
three other corrections of its motion. These are 
based only on observed results. 

Notes : Reasons and natures of these correc- 
tions have been explained in chapter 6. Though 
Candragekhara didn’t understand the reasons be- 
hind them, he explained the deviations observed 
by Bhaskara II and himself through these empirical 
equations. He could understand the period of these 
variations and their maximum values. 


Verses 116-129 : Direct and retrograde motions 


As in bahu kakśa yantra (chapter 20), kaksa 
of a planet is made with mean sun at centre and 
earth is kept at centre of mean sun orbit. (116) 

In prati mandala, $ighra kendra is given in 
opposite direction. Moiton of $ighrocca is much 
more then mean motion of planet. Hence motion 
of sphuta graha is corrected with $ighra phala. 
Similarly mean gati is corrected with $ighra gati 
phala. (117) 

At nica position or near it, budha and $ukra 
have more speed than sun and they are between 
sun and earth. Hence they are seen moving in 
reverse direction. (118) 


Again, the planets slower than sun i.e. 
mangala, guru and Sani are seen moving in reverse 
direction, when they are in direction opposite to 
sun, i.e. in 180° position and nearer to earth. (119) 

Now direct and retrograde motions are ex- 
plained in detail with logic. Sun orbit is made in 
proportion to its mean distance from earth. (120) 
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With scale of 1 angula = 13,000 yojana, mean 
dist f mU E 58 roximatel 
istance of sun is "30007 = approximately. 


Thus radius of sun orbit will be 58 angulas. (121) 


The centre point of this orbit will be earth; 
and mean sun is shown west from that with mean 
sun as centre, a circle of radius 87 angula is made, 
showing mangala orbit (with same scale 1 angula 
= 13,000 yojana). (122) l 

Mangala will be kept in eastern point of its 
orbit. A line through earth, sun and mangala is 
drawn and extended to east. (123) 


In east direciton; a star will be assumed at 
big distance. Mangala will be kept close to earth 
in direction of the star. This will be on right side 
of the orbit. Motion will be assumed upward this 
side. (124) 

Then sun at left side will be moved down 
wards with 1 angula daily speed (orbit is 360 angula 
= 360°) is moved same distance with sun, but 
within it mangala is moved upwards with 1/5th 
less speed i.e. 0/48 angulas per day (its linear 
speed). (25) 

Mangala is moving north (0/48) angula, but 
its orbit is moving south by 1 angula. Thus its net 
south movement is 0/12 angula in its orbit. (126) 


Distance of mangala is half the distance of 
sun, hence the retrograde motion will be.24 kala 
for 0/12 angula linear speed. (127) 


When sun and mars are in same direction 
from earth, south motion of mangala will be 107 
sub-divisions of-angula. It is,107 kala in sun orbit 
of 360 angula circumference, hence it is multiplied 
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by radius. (58) of sun orbit and divided by distance 
of mars (radius of sun orbit + mars orbit = 58487 
= 145). (128) 

We get 107 X 58 / 145 = 43 kala as direct 
motion of mars per day for this position. This is 
clearly seen in the above diagram. Similarly we 
can see the direct and retrograde motions of other 
planets also. (129) 


Figure 2 - Direct and retrograde motion 
Notes - E is centre of earth, SPN is orbit of 
sun round earth of radius 57/18 angula (i.e. 34°38’ 
where 1 angula = 1°) Thus 57/18 or 58 approx. 
-angula -.76,08,294 yojana, mean distance of sun. 
ie. 1 angula = 13,000 yojan approx. 
In same scale Mars orbit around S will be of 
87 angulas radius. a oa 
Orbit of mean sun S is 360 angula where 1 
angula = 1°. Here the diagrant in fig 2 has been 
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drawn with 1 cm = 10 angula = 10° = 1,30,000 
yojana. 

When mean sun is at S, mars is at M in its 
orbit PMN. SEM are in one line towards a star B. 


When S goes. to S', orbit of mars goes to Pj 
M; N; with centre at S' all south wards by 1 angula 
(instead. of 1 mm, sun is moved by 4.5 mm for 
darity of figure). 

Corresponding position of mars is Mi, but 
mars in same anticlockwise movement goes up to 
M: in its orbit. Average speed of 31 kala in mars 

31 x 87 


bit. = ————— = à 
orbi 58 48 kala 


Hence, compared to earth at E mars goes from 
M to M; where MM: = 1 - 0/48 = 0/12 angula. 


At 58 angula distance at point A it will make 
12 kàla angle. But it is at distance 


= SM - SE = 87 - 58 = 29 angula 


NS 58 
Hence angle is 0/12 X 29^ 0/24 degrees. 


Similarly, when mars is in same direction as 
sun at M5, when sun is at S', position M; shifts 
to M4.due to’shift: of orbit. Due to own motion of 
mars, it moves. farther south to. Ms. Here M3 M4 
' = 1 angula, M4. Ms. = 0/48 angula. Distance from 
earth E is: EM;.= ES + SM; = 58487 = 145 angula 

Since. the angle. at 58 angula is. MaMs. = 1/48 
(1 angula = H):angle x at. 145 angula is given by 

x X 145:-: 58: X 1/48 

1/48 x 58 


Qr ie. c EE 
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Verses 130-142 : Sighra and mandagatis 


We take the sun orbit as before (mean sun 
moving in circle around earth of radius 57/18 
angula) Earth is asumed as centre of mars orbit 
also (mean mars). It will be a circle of 109 angula 
radius around earth. (130) 


Sun, earth and mars will be kept in same line 
towards some star of nakéatra orbit. Mean sun is 
sighrocca of mars. Due to its attraction mars will 
be seen at its nica place at 72 angulas west in 
cakradha i.e. 180° away from éighrocca sun. (131) 


Daily motions of sun and mars will be shown 
towards south and north in their orbits as before. 
(132) 

There east motion of mars will be seen 13 
kala from sun i.e. about 1/6th of sun's attraction 
(72 angulas). (133) 

Mars at nica position will be seen moving 
retrograde from earth. On earth sun line, sighrocca 
and nica are in opposite directions. At one place 
mars wil be moving east wards (direct) and at 
nica, it will move towards west. (134) 


Due to attraction of Sighrocca, mangala and 
other planets have $ighra prati vrtta (eccentric). 
Sighra kendra measured from sun as Sighra, proves 
the orbit of planets around mean sun. (135) 


When orbits of mars etc are shown around 
earth as centre, then they are affected by mandocca 
attraction also as in case of moon. (136) 


In absence of mandocca attraction, their 
correction from mean place would have been only 
due to $ighrocca attraction. Then we could get 
correction by multiplying the Sara (deflection) by 
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trijya and dividing by 4th karna (true distance). 
(137) 

In the orbit around mean sun, a planet is 
deflected by two attractions - mandocca in its own 
orbit and $ighrocca due to change in sun position 
(sighrocca). (138) i 

Thus the movement of planets being corrected 
by sighra and manda both, their orbits around 
mean sun is proved. (139) 


The orbit of 5 star planets is seen centred at. 
sun, hence their direction of manda attraction is 
different from $ighra attraction. (140) 


. Since the 5 star planets move in sun centred 
orbits, their manda sphuta positions are calculated 
at first by half $ighra phala of mean planet and 
then half manda phala of corrected planet. (141) 


Then sphuta mandaphala correction is made. 
Then the planets being farther from earth, and to 
see the manda spasta planet in nakéatra, fourth 
$ighra phala correciton is made. 


Figure 8 - Mean orbit of mars 
Note : (1) Retrograde motion from mean orbit 
- Fig. 3 shows mean orbit of mars. E is centre of 
earth. CDS is orbit of sun with radius 57/18 angula 
(1.9 cms where 1 mm = 4 angula). Orbit of mean 
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mars is also with E as centre but with radius EM 
= 109 angula (= 2.7 cm). Mean sun S, Earth E and 
mean mars M are in one line towards star K. True 
position of mars is seen deflected west from mean 
position. M to true position T where MT - 72 
angulas (1.8 cm). Thus true planet is attracted in 
direction of sun, which can be considered its 
Sighrocca. True planet can be considered moving 
on sighraparidhi ATB of radius 72 angulas. 31 kala 
movement at M is in radius 109 angula hence it 
is 31 X 109 / 58 parts of angula. Similarly in Sighra 
paridhi of 72 angulas it is 72X31 / 58. Difference 
is. (31/58) (109-72) = (31/58) X 37 

. As seen from sun at S at distance 58437 = 
95, it is 31 X 37 / 95 - 13 kala approx. 

. (2) Manda and $áighra by epicycle method - 
Planets have two fold inequalities (1) inequality of 
apsis or mandocca; and (2) the inequality of apex 
of quick motion or sighrocca. These are mandaphala 
and $ighra phala. Sighra phala is elongation of 
inferior planet and annual parallax for superior 
planet. l 


Figure 4 - Epicyclic method for manda and $ighra parallax of 
superior planets 
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Calculation of both is shown by epicyclic 
method in figure 4. ABM is orbit of a planet with 
centre E, the earth. Its radius is called trijya. AEM 
is apseline (ucca nica line) and EC is direction of 
éighrocca. A is centre of first epicycle of planet 
and UPN epicycle or mandaparidhi. U is its apojee 
or mandocca and N is mandanica or perigee. UA' 
is radius or manda - antyaphalajya. 

As for sun or moon, when planet on epicycle 
is at P, arc UP = are AA’ (angles are equal). EP 
cuts the orbit at P" which is position of planet after 
manda correction which is equal to arc A’P’. 


Now with P' as centre, second epicycle - 
sighra paridhi is drawn whose radius is called 
sighra antyaphala jyà. EP'P cuts it at U’ and N’ 
which are Sighrocca and $ighra nica. P'F is drawn 
parallel to EC, then F is position of planet on 
epicycle. EF is joined cutting orbit in P", which is 
true position of planet. The correction P'P" is'called 
sighraphala. 

To find P'P", we draw P’G, P’K and FH 
perpendiculars on EF, EC and EU’ 

Arc P'C is distance between $ighrocca and 
corrected planet and is called $ighra kendra. 

P'K is $ighra kendra jyà and EK, $ighra kendra 
kotijya. From similar triangles FP'H and. P'EK 
FH or Dohphala - TEE 
T Sighra kendrajyà x radius of Sighra paridhi 
` radius of orbit 
E Sighra kendrajyà x śīghra paridhi 

360* 
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From same triangles 
EK x FP' 
l P E 

, Sighra kendra kotijya x Sighra paridhi 

- 360° 

Hence, HE or sphuta koti = P’E + HP’ 

* Trijya + kotiphala 

In second and third quadrants, sphuta koti_ = 
Trijya - koti phala 

So, FE or karna = VEH? + HE? 

= VDoh phala? + sphuta koti? 

Now, from similar right angled triangles P’GE 
and FHE  - 


HP' or koti phala - 


"FH x PE. 
POI 
FH x P'E 
or Jyà arc PP' - — PE — 
Doh phala x trijyá 


o Sighra phala jyà - | band 

When this correction in $ighra phala or arc 
PP’ is applied to planet corrected with mandaphala, 
we get the true planet. 

(3) Epicentric method - In figure 5 (a), APB 
is orbit of mean planet with centre at E, the earth. 
AEP is the apse line (ucca-nica line). EF is taken 
equal to radius. of first epicycle (mandaparidhi). 
With centre at F, another circle A'B'P' is drawn 
equal to circle ABP. Then A'B'P' is manda-prati 
vrtta of planet. Let A' be apogee or mandoca and 
P' be perigee or manda nica on the eccentric. 
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As sun or moon, when mean planet is at M, 
then planet on eccentric is at M1 so that arc AM 
= arc A'M’. EM; cuts the concentric in M2. Then 
M2 is the planet corrected by mandaphala. Correc- - 
tion i.e. mandaphala is equal to arc MM2 which 
can be found like moon. 


Now from ES, EG is cut off equal to radius 
of sighra paridhi or śīghra antya phalajya. With G 
as centre another circle equal to concentric is 
drawn. This is called éighra prativrtta. ES is 
produced to meet it in S’. Then S’ is sighrocca in 
eccentric. M3 is planet in second eccentric such 
that arc S'M3 = arc SM2. If E M3 meets the 
concentric in M4, then M4 is true position of planet. 
Sighra phala is arc M2Ma. 

To find the arc M2M4, this part of the diagram 
is drawn separately in figure 5(b). 


Figure 5a - Eccentric method 


Remaining Explainations 1003 


Figure 5b - Sighra Eccentric 

EM: and MM; are joined. M3M; produced 
meets perpenducular line to ES at H. M2 K is 
drawn perpendicular to EM3. _ 

Now MM2 = GE = Sighra antya phalajya. 
Arc SM2 is angle between Sighrocca and once 
corrected planet and SM - Sighra kendra. 

Thus its jyà EH is $ighra kendrajya and M2 
H, its kotijya is $ighra kendra kotijya. 

MH, or sphuta koti = M3M2 + M;?H 

= $ighra antya phalajya + Sighra kendra 
kotijya (for $ighra kendra between 3 and 9 rāśis) 


sphuta koti = sighra antya phalajya + $ighra 
kendra kotijya M3E or karna = J EH? + M; H? 

= VSighra kendrajyà? + sphuta koti? 

From right angled similar triangles M3 MK 
and M3EH, 
EH x M; M 


M: K= M; E 
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or Jya arc M; My, or Sighraphala jya 
_ Trijya x Sighra kendrajya x Sighra antya tya phalajya 
7 Tujy& ^ Karna 
Dohphala x Tri 
. —pum rya (as before) 


Karna 
This is same 'as that obtained by Apiye 
method: 


Verses 143-146 - Revised methods 


Thus the tara grahas are made true by half 
$ighra phala, half. mandaphala, mandaphala and 
$ighra phala. But in case of mangala budha and 
$ani, some errors were noticed. For correcting that 
error, (143) 

I have done parocca sanskara in these correc- 
tions. The corrections in moon like tungantara etc 
also should all be considered on the authority of 
sages. (144) 

l To find the observed positions of planets, 
` whatever corrections are made to traditional values, 
all are called bija samskara. (145) 


(From Varttika) Good astronomers have done 
bija corrections to planet positions found as per 
texts. From these corrected planets only, tithi, 
eclipse etc are decided and good or bad results are 
told. (146) 


Verse 147-151 : Manda and sighra according 
to Bhaskara (Siddhanta Siromani). Manda sphuta 
planet moves in manda prativrtta and sphuta 
moves in Siighra prativrtta. Hence manda sphuta 
planet should be considered mean planet before 
doing $ighra corrections. (147) 


The planets are moving. in their -prativrtta 
(eccentric), then their position in nakSatra orbit is 
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the sphuta (true) planet at that time. To know the 
position of this true planet, ancient scholars have 
assumed ucca. (148) 


The point on eccentric farthest from earth is 
called ucca. Since this position also is moving, 
scientists have calculated its motion also. (149) 


At 6 rasi from ucca, the point of eccentric 
nearest to earth is called nica. At these positions, 
mean and true planets are in same line with earth, 
hence mean and true planets are same and there 
is no bhujaphala. (150) 


Planet is farthest at ucca position, hence it 
looks smallest there. At nica it is nearest and looks 
largest. (151) 


Verse 152 : Ecliptic direction 


From shadow of $anku, observation through 
instruments and àyana considerations, I have found 
fhe diffenence between maximum north and south 
kranti to be 47° only. Hence, I have asumed 23°30’ 
maximum kranti instead of 24° assumed in old 
texts. 


Verses 153-163 - Nati and lambana 


- Lunar eclipse has already been explained fully 
(in chapter 8). Now reason of lambana and its 
variation is being explained. (153) 

When moon and sun are 6 rasi from each 
other and their degrees minutes etc are equal, then, 
if its Sara is less than máànaikyárdha (sum of 
semidiameters of. covered and coverer - earth 
shadow) - - - (154). 

...earth shadow covers disc of moon. Thus 
moon and: shadow of earth both are in same orbit 
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(moon's orbit). Hence there is no nati on lambana 
between them - they will be seen together from 
all directions. (155) 


In solar eclipse sun is covered and moon is 
coverer - both are not in same place (i.e. sun is 
not in moon orbit). Due to their positions far from 
each other, their angular separation varies and only 
in that line they are seen together. This is reason 
of lambana or nati. (56) 


Drg mandala has centre at earth's centre. 
Hence on earth's surface, a planet in drg mandala 
is seen in lesser than half area of drg mandala by 
radius of earth. (157) 


When at the end of amavasya (sun and moon 
in same direction), sun is on east horizon, then 
from earth centre, sun and moon are in one line. 
(158) 


But from earth's ‘surface, moon is seen lower. 
lts deviation is maximum as it is in perpendicular 
direction to sun's direction. Hence, this apparent 
deviation is parama lambana or nati (maximum 
parallax). (159) 

When planet is in zenith, it is seen in same 
line from earth's centre or surface. Hence, there is 
no nati. At any other place between zenith and 
horizon, the difference between direction of planet 
seen from surface and direction from centre is 
called nati. (160) 

When sun is in zenith, drg mandala will be 
ecliptic, hence there will be no nati. Maximum 
lambana will be at horizon. (161) 


When a planet is in drkkSepa vrtta (north 
south direction) the deviation is called nati. It is 


Remaining Explainations 1007 


always less than parama lambana (as planet is never 
on south point of horizon). Hence, in drk-mandala 
and ecliptic... (162) 

if there is difference of kranti of sun and 
moon, their east west difference also increases. At 
zenith, ecliptic and drkmandala are same, hence 
there is no nati or larnbana. (163) 


Verses 164-173 : Vitribha lagna 


Perpendicular to ecliptic at tribhona lagna (i.e. 
lagna - 90°) passes through zenith. At mid day 
also, moon is away from ecliptic at distance of its 
Sara. (164) 

Hence due to lambana, moon doesn’t remain 
in same line with sun at end of amavasya 
(moon-sun-0^). Hence, vitribha lagna is needed to 
calculate lambana or nati. (165) 

Natyajya of vitribha is in meridian line. If 
vitribha is inclined towards east or west from 
meridian, it increases. (166) 

Natáàmáéa of vitribha is in its drk mandala 
which is great circle through kadamba (pole of 
ecliptic), and always perpendicular to ecliptic. 
Natyajya of vitribha thus increases in proportion 
to its kranti (distance from equator). (167) 

When north krànti of vitribha is equal to north 
latitude of a place, then at the tifne of rising of 
sayana mesa O'.... (168) 


... nadhya lagna (ecliptic point at meridian) 
and vitribha lagna are same. They are different 
otherwise. The jya of difference between vitribha 
and madhyalagna natamfa.... (169) 
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...iS considered as Sara (north south distance) 
between them. At Sara distance from ecliptic, moon 
has sphuta (changed) zenith angle. (170) 


Hence to find correct drkksepa (north south 
distance from zenith), sum or difference of Sara 
and ak$amáéa is taken and it is further corrected 
with kranti of vitribha. (171) 

When sphuta parvanta (sun - moon = 0° or 
180°) is corrected with lambana, moon and sun are 
exactly in north south circle as seen from surface 
of earth. (172) 


With increase in krànti of tribhona lagna, 
change in grasa and sparáóa time of eclipse due to 
Sara of moon will increase. (173) 


Notes : This has already been explaiend in 
chapter 9 on solar eclipse. 


Verses 174-189 : Eclipse duration through 
diagram. 


In diagram of eclipse (chapter 10), the 
‘chadaka’ (coverer) will be moved on grahaka path 
as explained earlier. Then duration of eclipse will 
become clear. (174) 


. When at the time of sphuta amànta (sun-moon 
= 0°), sàyana mesa 0° is rising, then this itself will 
be mid time of eclipse. No addition or substraction 
will be needed. (175) 


This is because lagna will not have krànti then 
(sáayana mesa 0° is at equator). At other times, 
mean amanta time will be different from sphuta 
amanta. When mesa 0° is rising, sparsa and moksa 
times also will remain same. Their mean times need 
correction for kranti of lagna and direction of Sara. 
(176) 
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When moon is on horizon, its distance is same 
from earth's furface and earth's centre. (177) 


As moon rises above horizon, its distance from 
earth surface gets smaller compared to distance 
from earth center. Hence, apparent diameter of 
moon (angular) increases and its shadow cone 
($anku means cone here, not gnomon) becomes 
wider. (178) 

As sun and moon are in different orbits, the 
shadow cones will be bigger on earth surface and 
the time of eclipse and total covering will increase. 
(179) 

In lunar eclipse, covered planet (moon) and 
coverer (earth shadow) both are in one orbit, hence 
even with increase in $anku, time of eclipse and 
maximum covering doesn't increase on being 
viewed from surface. (180) 

At the end of pürnima, moon motion in 
vimandala is oblique to ecliptic. (It is more oblique 
for relative motion of moon). Hence motion of Sara 
also is oblique (inclined to perpendicular to 
ecliptic.) Oblique speed is 1/12 of Sara. (181) 


Hence the time of spar$a, mid eclipse etc. will 
before or after the calculated time by the time 
arising out of 1/I2th of sara. (182) 


(In lunar eclipse), $ara of covered moon is in 
different direction from coverer (earth shadow). 
Hence direction of eclipse and $ara are different. 
(183) 


In solar eclipse, moon is coverer whose sara 
is in direciton of coverer. Hence eclipse and sara 
.are in same direction. (184) 
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In both eclipses, only moon has valana (due 
to its Sara). Hence in lunar eclipse, at the time of 
contact (sparsa) true valana will be given in its 
own direction from east point. (185) 


At the time of mok$a, it will be given in 
opposite direciton from west point. In solar eclipse, 
mokáa is in east, hence valana at mokSa time will 
be in its own direction and at sparsa time in 
opposite direction from west point. (186) 


At equator, planet is in its own direction at 
time of rising, midday or setting. At other places 
valana due to akśāmśa occurs. (187) 


As the disc of planet appears shifted towards 
pole, the eastern point bends towards north. (188) 


The disc in west sky is deviated towards 
south. Since disc direction is changed due to ākśa 
valana, the true ayana valana is changed. (189) 


Verses 190-192 : Áyana valana 


(Siddhànta Siromani) Yasti is square root of 
the difference of squares of trijya and ayana valana 
jyà. Yasti is multiplied by $ara (latudude) of planet 
(moon) and divided by trijya to give Sara for kranti 
correction. Otherwise 3 raSis are added to graha 
and its bhujajya is found. That is multiplied by 
$ara and divided by trijyà to give the Sara for 
kranti. (190) 

In this, Bhaskaracarya has taken Sara along 
dhruva prota less than kadamba prota which cannot 
be proper for ayana karma. (191) 

After ayana drkkarma, graha, nak$atra and 
their conjunctions are in dhruva prota line. After 
drkkarma correction, the planet in kranti vrtta is 
called bhuja. (192) 
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Mean $ara in kadamba prota and koti of $ara— 
squares of both are added and their square root 
is karna. This will be the sphuta Sara in direction 
of dhruva. This karna will be greater than $ara (in 
kadamba direction). (193) 

Notes : These formula have already been 
discussed. Dhruva prota $ara has been ap- 
proximately considered equal to kadamba prota 
$ara, which is not strictly correct (see chapter 8). 


Verses 194-196 : Rising of planets at poles 

There is night for six months in meru (polar 
region). Moon and other planets rise and set there 
(north pole) when they are in north krànti. (194) 

When planets are within two rasis of sun, 
their heliacal rising and setting will be considered. 
(195) 

When the difference in kranti of sun and 
another planet is equal to the kalamáa for rising 
and setting, their rising setting will start. (106) 

Verse 197 : As the north akśāmśa increase, 
kranti vrtta will be more inclined towards south, 
from drk mandala of moon. Hence, north horn of 
moon will be upper. (197) 


Verse 198 - Vaidhrti and vyatipata are called 
mahapata. Even when there is big difference in 
orbits of sun and moon, their rays meet due to 
equal krànti. 


Verses 199-206 - Importance of star circle 


A straight line from centre of earth to moon 
and other planets crosses kranti vrtta and goes 
upto stars circle. (199) 
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This line is called ‘bhagana’ line (revolution 
is measured from its point of intersection with 
nakéatra circle). Calculation of planets starts from 
bhagana only. Hence this line is very useful to the 
world. All seasons occur due to sun and there is 
development of moving and non-moving beings 
(200) 

Sun removes darkness also, thus it has many 
virtues. Similarly moon has many virtues like 
'ahlad' (happines) (201) 

From work (result) we know the reason 
(origin). Similarly people compare the terrible and 
comfortable qualities of the creator by seeing sun 
and moon. (202) 

(In astrology), we know about results of deeds 
in past life from position of planets. (203) 

From motion of planets; we also know about 
length of orbit and their linear diameters. From 
their $ara, we know that earth is fixed. (204) 

From star circle, we can imagine the great job 
done by the Creator. It also gives some light. (205) 

Sailors know direction from stars and do not 
lose their way. Thus star circle (bha-cakra) is very 
useful to people. (206) 


Verses 207-213 : Reason of seasons 

Time has three main indicators - summer 
(hot), rains and cold. Each has two parts, thus 
making six seasons. (207) 

In Bharata varsa (India) all six seasons have 
their full duration. With change of place, the effect 
of seasons vary. (208) 
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First half of hot season is vasanta (spring) 
which is pleasant. Second half is very hot. First 
half of rains is varsa (rainy season) and second 
half is Sarat (autumn). (209) 


First and second halves of cold season are 
‘hemanta’ (winter) and $i$ira (cold winter). Due to 
change of place (ak$am$a) and change in krànti of 
sun, seasons change. (210) 


When sun rays fall oblique on earth, heat is 
reduced and cold increases. (211) 


Where sun rays fall perpendicular, heat is 
more and it starts summer. (212) 


In summer, straight rays: of sun, evaporate 
the water of oceans. The vapour goes up and cools. 
Then due to attraction of earth, it falls. Hence rains 
start after summer. (213) 


Verses 214-224 - Season zones 


Region from equator to 8* latitude is very hot 
and hence there is no hemanta or Sisira there. 
Summer and rains are more (214). After rains it is 
Sarat. In beginning of summer, it is spring. Between 
sarat and spring, there is mild cold due to heavy 
rains. (215) 

From 8° to 16° latitude, cold (Sita) is for two 
months pausa and magha (Dec. January) only and 
in remaining ten months there are 4 seasons only. 
(216) 

From latitude 16-24° (most part of India), cold 
is for four months from márga$ira (around 15th 
November) and in remaining eight months starting 
with caitra (about 15th March) there are 4 seasons. 
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Upto 24° ak$amáa (from equator), it is tropics. 
At 24° latitude, all six seasons are of 2 months 
each. Region from 24° to 40° latitude is called sama 
mandala (sub-tropical) (218) 

From 24 to 32° latitude, it is cold for six 
months starting with karttika (15th Oct.). Remain- 
ing six months are hot and have other 4 seasons. 
(219) 

From 32° to 40° latitude, it is cold for eight 
months starting from àávina (15th Sept.). Remain- 
ing 4 seasons are in 4 months starting with Jyestha. 
(220) 

From 40 to 50° latitude, it is temperate region 
(cold area). From 40 to 48° latitude, it is cold for 
the months from bhadrapada (15th August) and 
for very short period of two months other seasons 
come. Thus the season zones change from equator 
at intervals of 8' latitude each. (221-222) 


From 48' north to meru (90' north) - 42* 
latitude zone is mostly covered with ice. This is 
for north hemispehre. In south hemisphere, also 
there are similar zones, but seasons are correspond- 
ing to opposite ràa$is. (223) 

For counting of seasons, we should count the 
months from vai$akha when sáyana sun enters 
mesa. (224) 

Verses 225-231 : In spring time, forest land 
is covered with fall of dry leaves. Due to friction 
among bamboos, the spark ignites dry leaves and 
whole forest burns. (225) 

Due to that, dense black smoke rises upwards 
with hot surface air. This layer of smoke covers 
the sky and hangs in air. (226) 
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In summer season, due to hot sun rays, water 
from oceans is evaporated and goes up. This mixes 
with smoke and forms cloud. Thus cloud contains 
smoke, water, air and lightning. (227) 


As an elephant draws water with its trunk, 
or a man in his cloth bag, similarly sun also draws 
up ocean water through its rays and mixes it with 
clouds. Thus cloud looks dense and heavy. (228) 


Clouds are situated 1/4 to 1/2 kosa high from 
surface and are attracted by earth. When they 
become heavy, are not distant from surface, they 
fall in form of water. (229) 


Fate in controlled by the creator, who acts 
through time and place. Same fate gets rains from 
clouds. Varáhamihira has written about clouds, 
thunder and lighting. This is not discussed here. 
(230) 

Ocean contains salt water, but due to sun 
rays, only small particles of water evaporate and 
rise. Salt particles do not rise. Hence rain water is 
sweet. Now I describe some patiganita (arithmetics) 
for recreation. (231) 


Verses 232-239 - Cube root method 


Product of three equal numbers is called cube 
(ghana). To find the root of this cube, formula is 
being stated. We give a point at the last digit 
towards right (unit place). Then on fourth digit 
from unit, another point is given. (232) 


Thus points are given on every fourth digit 
towards left. The number before left end dot up 
to left end is taken. From that, we substract the 
maximum possible cube root. The number, whose 
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cube was deducted, is treated as labdhi (quotient). 
(233) 

To find second labdhi, first labdhi is squared 
and multiplied by 300. Result is kept separately. 
(234) 

By that we divide the number remaining upto 
second point from left. Result is taken as second 
labdhi. (235) 

If labdhi is more than 9, it is taken as 9 only. 
Below the result kept separately, we write the result 
found by multiplying square of second labdhi, with 
first labdhi and 30. (236) 


Below it we write cube of second labdhi. Sum 
of these three digits is substracted from dividend. 
If remainder is very small, second labdhi is reduced 
by one and again the three numbers are written 
one below the other. (237) 


Sum of these three digits is substracted from 
dividend. Digits till next (third) point are joined 
with the remainder. The two labdhi numbers 
obtained so far, are treated as first labdhi. From 
that, we find next labdhi as before, and sum of 3 
numbers is substracted from dividend. This process 
is continued till digits remain in dividend. This 
labdhi is cube root. (238) 

Cube root has same number of digits, as there 
are points on the cube. When cube is less than 
1000, its cube root is of single digit and found in 
one step without above process. (239) 


Verses 240-242 - Method for cube 


These are stated by Bhaskaracarya II in 
Lilavati. Product of three equal numbers is called 
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ghana (cube) (second method). Cube of last digit 
is written of number whose cube is to be found. 
Then square of last digit is multiplied by 3 and 
by the remaining digits. Then the square of 
remaining digits is multiplied by 3 and last digit. 
Then cube of remaining digits. (240) 

These three numbers are written one below 
other and shifting them to one place left. Their 
sum will be cube of whole number. 

(Third method) The number is divided into 
two parts and same method is used. (241) 

Fourth method : The number whose cube is 
to be found is divided into sum of two parts. Three 
times the number is multiplied by both parts. To 
that, we add cubes of both parts. Result is cube 
of the number. 

Fifth method : If cube of a square number is 
to be found, then cube of its square root is found. 
. Then we find square of the result. (242) 

Verses 243-244 ; Two verses about cube root 
(Lilavati) (Same method is given by Aryabhata). 

(1) Unit place is called ‘ghana’, 10 place is 
'first aghana' and 10? place the 'second aghana'. 
We take groups of 3 digits starting from night. 
(ghana is marked with sign (I) and aghana places 
with other marked with - ) 

(2) Greatest possible cube is substracted from 
last ghana place. 

(3) Second aghana place (right to last ghana 
place) is divided by thrice the square of cube root 
already obtained in (2) (243) 
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(4) From first aghana place (right to second 
aghana place) substract square of quotient multi- 
plied by 3 times previous cube root. 

(5) From the ghana place (right of first aghana 
place) we substract the cube of quotient. 

(6) The process is repeated till all digits are 
exhausted. 


Notes (1) Method for cube Method5 


2 2 
M 3 3 6 3) 


(atb) =a + 3a?b + 3ab? +b? (a y =a = (a 


= à? +b? +3ab (a+b) 


Example 142? = (10 42)° 


2.8 8 

32^ 1=12 12 

321° = 6 Bs 

E 1- 

12 š 172 8 

3 3 
Example 2 - 123° = (12 x 1043) 

3° = 27 27 

3.3242 = 324 3 2 4- 

3.3.12? = 1296 1296 

1227 = 178 1728 

123? E 1860867 
Example 3 - (125) = (12045)? 

120° = 1728000 

5 2 105 


3 x5 x 120 x125 = 225000 
1235 = 1953125 
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Example 4 (Sridhara) 


"X [3k k - 1) +1} = n? 

k=1 
KE (ky = K- (kè - 3K? + 3k- 1) = 3k (k-1)+1 
Putting k = 1, 2-3 ...... n and adding 
P2051 


23 -1 = 3 (1.2) +1 

33 -2 = 3 (2.3) +1 

n? - (n- = 3 (n-1) n+1 

we get n? = 3 [1.2 + 2.3 +... +(n-1)n J+ n, 
which proves the result. 

(2) Cube root 


Principle is explained by a two digit number 


(ab) 
(ab) = 10a + b 
(ab) = (10a + b) 
1024 3.107. ab + 3.100.b + P? 
1 2 ENT 


b? is number + remainders at unit place. 

At 3rd place we have number in 10s - Ist 
aghana. At 2nd place we have number in 10? -2nd 
aghana. At Ist place we have ghana number in 
10°. i.e. after ommitting 3 digits to its right. 

From Ist place we substract a? X 10? then we 
get the numbers at 2, 3, 4 places. 


Approximately this is largest number at place 
2 = 3 X 1052? b. To find b we have to divide it 
by 3 X 10? à? = 3002? 

We may ommit two digits to right at this 
step. Taking 2nd aghana only, the digits are 3a*b 
only. So in Aryabhata method this is divided by 
3a? only. However, the remaining numbers also, 
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are multiplies of b and if we don’t have sufficient 
remainder equal to those multiples, cube of result 
will be more than given number. Hence b is 
_ reduced by 1. 


Thus the remainder is equal to (300a? b + 30 
ab^-b?) or in decimal notation 3a?b at second 
aghana, 3 ab? at Ist aghana and b? at ghana as 
recommended by Aryabhata. 


Examples : Cube root of 1953125 
"Aryabhata Method 


pte ect 
19531250 


31^ ^  3)09 (2 — (A) 


25 s 8 
3.122 = 432) 2251 (5 
| 2160 
912 
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Siddhànta Darpana Method 


195 3 125 (125 


300 x i = 300 x 2 


30 x 1x 2% = 120 


22-8 


300 x 12? = 43200 x 5 


30 x 12 x 5^ = 9000 


59 


225 125 
-225 125 
= 125 


xx 


At: (A) we could get 3 as quotient, but next 
remainder would have been very small, hence we 
have reduced it to 2. 


Verses 245-248 - Cube root of component num- 
bers 


To find the cube root of a number expressed 
in two components (of degree or minute or other 
sexagesimal components), we substract the maxi- 
mum cube from first components (degrees), cube 
of the first root is substracted from cube of next 
higher integer. Result is called ‘antya-hara’ or 
divisor. (245) 

If root of first component is more than 30, 
then remainder of first components is multiplied 
by 60 and added to second component. Sum will 
be divided by antya hára (divisor) to get the 
minute component of the cube root. (246) 

If root of first components is less than 30, 
then we correct the divisor by ‘gunya’ and ‘guraka’ 
(first and second factors). From divisor we substract 
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the remainder of first component to get gunya. 
Gunaka is found by dividing the divisor (antya 
hàra) by first component of root increased by one. 
(247) 

Gunya and gunaka are multiplied together 
and divided by antya hara. Result is substracted 
from antya hàra to get sphuta antya hara (correct 
divisor) Remainder of first components is multi- 
plied by 60 and added with second component as 
before. Sum is divided by revised divisor to get 
the second component of cube root in minutes. 


Note : (1) Examples will clarify the method. 
First we take a number bigger than 30 degrees say 


(32* 20) = 33,802° 42' approx. 


33,802* 42' (32° 19 6 


300 x 3^ =2700 

x 2 -5400 

30 x 3 x 22 = 360 

23 = 8 
Divisor D = 


R remainder 


33° - 32° = 3169 


x1 


Thus the root 32° 19 .6 is approximately 
correct. accuracy will increase if root is much bigger 
than 30° 
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We take a small number 2'20' to explain second method 
(2°20)? = 12° 42’ 


12° 42' (2° 20'.1 
8 


G x k 19 x 1 
correction r = OMIM t DURAN, 2 D D 25 


Thus the answer is 2° 20'.1 which is ap- 
proximately correct. 


(2) Proof of the formula : The formula for 
approximate roots is based on linear interpolation. 
Correction of divisor is based on second order 
interpolation. This is based on concept of differen- 
tial coefficient which is proportional to rate of 
change of dependant variable (Rolle's therem in 

Y 
l (aet, 


o a a+b a«1 
Figure 6 - Approximate cube root 
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Differential calculus). Second order correction is 
based on Taylor's theorem upto second differential. 

. We consider variation of function y = x? in 
figure 6. Point P is the cube of x- a, ie. y 
coordinate is a?. The next cube is (a*1)? at point 
Q. Real value lies between a and a*1 which may 
be written as a+b where b is less than 1 


Thus the real root is a° 60b’ 


Increase in root Increase in cube 
1 ‘| (a +P - a= QN=D 
b Dxb=R= Q’M 
Thus extra value b is given by 

R R 
b-—- 


D (a + 1} - a 
However, cube increases more rapidly. Then 
linear ratio i.e. rate of increase also increases. Real 


value of increased root is R’ omens to 
. reduced value D' of D 


Increase in D is D-R, this is for length (a+1) 
from origin. For unit distance from a to (a*1) the 
change is DD' 


_D-R 
"^ ati 

] , 1 
or reduction DD' - 23 x D 


_ Gunya X gunaka 
ü Divisor 
Correct divisor D' = D - DD’ 


When a is big, interval of 1 is considered 
small, and the first formula can be used. 
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Verses 249-252 - Conclusion and end 


Method to find square root has already been 
stated. Method for cube root has been stated, 
because it is needed in calculations. These methods 
have been stated in a general way. Other techni- 
ques can be known by scholars by themselves (from 
other books on mathematics). (249) 


(Siddhànta Siromani) : Due to fear of bulk, I 
give only a little bit of logic and proceed. Intelligent 
men will understand from that only. The subject 
can be understood only by knowledge of gola 
(spherics). (250) 

Yogis win over their enemies like moha 
(illusion), krodha (anger) and kàma (desires) etc. 
for control over mana (mind), prana (life force or 
breath). With that they are free from five troubles 
like vidya (informaiton), asmita (pride), anuraga 
(result of raga - obsession), dvesa (enemity) and 
abhinivesa (fixation). Even then yogis are unable 
to see the supreme truth even for a moment. That 
supreme truth or realisation is given by Lord 
Jagannatha very easily to his devotees. May that 
Lord free us from our troubles. (251) 

Thus ends the twenty-first chapter in 
siddhanta darpana describing rationale of 
astronomy, written as a text book and accurate 
calculations by Sri Candrasekhara, born in a famous 
royal family of Orissa. (252) 


Chapter - 22 
SAMVATSARAS 


Kalàdhikára - Samvatsaras etc. 


Verse 1 - Scope : Lord Krsna is Kāla (time 
or death) himself and the rod of death god merges 
into him. He is shjning like blue lotus. His feet 
are worshipped by Siva who is subject of Parvati’s 
plays. He is in form of Jagannatha at Nilacala. He 
controlled the tyrant Kaliya but took mercy on him 
after hearing weeping of women. After worship- 
ping him I start Kaladhikara. 

Notes : This is the fifth part (adhikara), 
describing time (kala). This starts with chapter 22 
which describes units of time like sarnvatsara 

- (different types of years). 


Verses 2-15 - Kàla as god. 

Kala is of two types - ‘nitya’ (eternal) and 
‘janya’ (changing) Eternal Kala is god himself. God 
is eternal hemee his other name is kala. (2) 

Since god measures time (through periodic 
events), he is anys! kala also. Hence for welfare, 
people remember £od before starting all works. (3) 

(Kürma puràna) God is without beginning and 
end. he doesn't diminish. He is within every point 
and beyond every thing. He is great lord, all 
pervading, independent and soul of everybody. (4) 
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Kala itself is the supereme Brahma, Vasudeo and 
Sankara. World is created by Kala only, and is 
destroyed by that. (5) 

(Smrti) At every place and in every event, 
god only is the lord. He is in all forms and without 
beginning. May he increase my happiness (6). | 
pray Acyuta (indestructible) by whose memory, all 
defects are destroyed in tapa (penance), yajana 
(worship) etc. 


If Supreme lord is without form, how he can 
be imagined? Answering this, yoga vasistha has 
stated about his appearing in human body, which 
is being quoted here. (8) 

(Vasistha Ramayana) Kala is of two types 
-nitya (eternal) and janya (created or changing). 
First (nitya) kala is supreme lord himself. He cannot 
be imagined by speech or mind. But to grace the 
devotees he takes body (9) God holds sword 
(khadga) and noose (pàóa) and is adorned with 
armour (kavaca) and rings (kundala). He has 6 
mouths in form of six seasons (10). Valour of his 
12 hands are 12 months. He is attended by persons 
in his own form. (11) 


Lord of Lak$mi (wealth goddess) is thus a 
form of kala but takes various forms for the sake 
of devotees. Hence, devotees meditate on any of 
his forms, according to their desire. (12) 

From god as eternal time, the other type of 
changing time has also been created. This is told 
in vedas and by Svàyambhuva manu also (in 
Manusmrti) (13) 
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(Manusmrti) God as form of time for the 
purpose of creation, has created divisions of time, 
nakSatra, planets and this world. (14) 


In horà skandha  (Brhat-samhita of 
Varahamihira), Sun has been called soul of kala. 
It is not correct to interprate this as opposite to 
siddhànta version. (15) 


Verses 16-24 - Time units from sun and moon 


Sun is origin of creation and in that sense, 
he is epitom of kala. Main division of time from 
truti till prdlaya is year. Components of year are 
- ayana, month, pakSa and day etc. Another name 
of year is samvatsara. (16-17) 


Sun moves northward for 3 seasons (6 
months) and then moves south wards for other 3 
seasons. These periods are called ‘ayana’. This is 
according to kránti motion, ‘ay’ verb means ‘to 
move’. (18) 

In two months period when a$oka tree has 
special signs like flowers etc, first season vasanta 
(spring) occurs. (19) 

The time, which is measured is called màsa 
(month, màsa - to measure) The time, which 
measures changes in moon phase is called lunar 
month. Measure of sun's passage in one rá$i is 
called solar month. (20) 

Periods 30 civil days and 30 sidereal days are 
called civil (Savana) month and nakSatra (sidereal) 
month respectively. (21) 


Periods of increasing or decreasing phase of 
moon are called $ukla pakSa (bright half) and krsna 


Sarnvatsaras 1029 


pakśa respectively. These pak$as are used for pitr 
functions. (22) 


Measure of fractional increase of decrease of 
moon's phase is indicated by tithi. (23) 

Similarly time has other divisions like ‘yama’ 
muhürtta etc. Due to lack of space derivation of 
all have not been stated. (24) 


Verses 25-26 - Nine fold divison 

Time -is divided in nine ways - Candra, 
nakSatra, savana, barhaspatya, saura, mānava, 
paitra, daiva and brahma. (25) 

Among these, only the first five are used by 
human beings. Others starting with manava are 
used in their context only. (26) 


Verses 27-34 - Candra divisions 


Movement of moon 12° ahead of sun as 
measured from earth’s centre is called candra mana 
(tithi). (27) 

When difference between moon and sun 
becomes one full revolution, it is called càndra 
masa (lunar month). Half the lunar month is called 
pakáa. 1/15" part of pakéa is tithi and half of tithi 
is called karana. (28) 

Extra or lapsed tithi or month, fast, festivals, 
and sacred ceremonies, auspicious or bad times, 
and rites for deceased - all are decided according 
to candra mana (tithi) only. (29) 

Months (lunar) are named according to the 
. names of nakSatras joined by moon on pürnimà 
of that month. Similarly, at start of jovian year 
(Barhaspatya year), the nakSatra in which jupiter 
enters, is name of that jovian year, acording to 
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sürya siddhànta. But due to fear of lengthening, 
all details are not described. (30-31) 


Krttika and rohini, both nakSatra can be 
assumed Krttika and due to conjunction with any 
of them at pürnimà, month is named Karttika. (32) 


Then we could as well tell the karttika and 
margagirsa months as rohini and bharani respec- 
tively, when moon joins their neighbouring 
nakéatras bharani,and rohini at pürnima. (33) 

Due to this difficulty, karttika and margaáirsa 
etc. are counted as per the old tradition (without 
frequent changing of names. The said conjunction 
at pürnimà also occurs frequently. (34) 


Verses 35-36 - NakéSatra time 


Time taken by nakéatra in one complete 
revolution in west direction is called 1 nakéatra 
day. Ghati and pala are subdivisions of this time 
only (60 divisions at each step). Life period of 
Brahma also is as per this time only. (35) 


Life in nak$atra units is multiplied by kalpa 
solar days (15,52,00,00,00,000) and divided by kalpa 
nakéatra days (15,82,23,78,28,28,000) to get sphuta 
solar years etc. (36) 


Verses 37-46 - Solar time 


As stated before, period between one rising 
time of a graha or nakSatra to its next rising time 
is called its sávana dina. (37) 


Still for calculation of mean planet, period 
taken by mean sun in crossing (21,600) kala i.e. 
one revolution with respect to earth, is called 
savana dina whose value is (21,659/8) asu. (38) 
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Difference between two sphuta sun rises is 
sphuta sávana dina. Generally this is used as a 
savana dina. According to this savana dina only, 
yajna, purification, counting of days, lords of year 
and month etc are decided. (39) 

According to Jovian years, sarnvatsaras start- 
ing with prabhava, lost years, extra years, years 
stated in svara $àstra and hora etc are counted. 
This is described in Brhatsamhita. (40) 


The time taken by sun to move 1° is called 
1 solar day. 30 such days make one solar month 
12 solar months make one solar year. (41) 


According to solar months, we observe 
sankranti, ayana, seasons etc. Day and night of 
deva and asura, yuga and manvantara etc are 
counted by solar time only. (42) 


In some places, marriage, festivals, sacred 
thread ceremony, house construction etc are done 
by solar time also. (43) 

(Sürya siddhanta) From tulà beginning to 86°, 
movement of sun is called "sada$iti mukha’ period 
(i.e. eighty six day period). There are 4 such 
periods in a year. This ends with duplicate rasis 
only (3,6,9,12 rá$is). (44) 

When sun enters 27° of dhanu, 23° of mina, 
19° of mithuna and 15° of kanya, the periods 
ending with that are called Sadasiti mukha as they 
come after intervals of 86° each (i.e. 86 solar days). 
(45-46) 

Notes : These are periods of 86 solar days 
each, which are slightly bigger than civil days. 
They are unequal depending on speed of sun. 
Solar days from 15° of kanya to tulà 0° i.e. 16 
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solar days are out of these 4 periods. 4 divisions 
of year approximately correspond ot equinox and 
solstice days but reason for deducting 4 solar days 
from each is not understood. 


Verses 47-60 : Sankrantis - 


Entry of sun in two movable (cara) raSis at 
beginning of odd quadrants - i.e. mesa and tula 
are called visuva sankranti. Entry of sun in two 
cara raSis at beginning of even quadrants (karka 
and makara) are called south and north ayana 
sankrantis. (47) 

Entry of sun in 4 rasis between moving and 
double (i.e. 4 fixed raSis) - vrscika, kumbha, vrsa 
and simha is called visnupadi sankranti. (48) 

Last point of a ràói is beginning point of next 
rasi. When disc of sun touches that point, sankranti 
(crossing over from one rāśi to next) starts. From 
beginning of sankrànti till the end, when last point 
of sun's disc is in contact with border point, it 
takes 33 dandas (as diameter of sun is 33 kalà). 
Hence 33 danda is the sacred period of sankranti. 
(49) 

In ten sankràntis, the whole sankrànti period 
of 33 danda from beginning to end is sacred period. 
In dakéinàyana (karka) samkrànti, last 16/30 dandas 
(2nd half) and in uttarayana (makara) sanskrànti 
first half of 16/30 danda are sacred. (50) 

Sankranti is the period when parts of sun 
disc are in both the rasis. When sankranti falls in 
day time, bath, charities etc are done. (51) 

When sankranti falls in first half of night, 2nd 
half of previous day is observed. When it (mid 


Samvatsaras 1033 


point) falls is second half of night, then first half 
of next day is observed as sankranti day. (52) 


When sankrànti falls exactly at mid night, the. 
day on which its greater portion falls (when sun 
is slower) is observed as sankrànti. This is not 
considered in ayana sankrànti. (53) 


South or karka ayana, falling in night makes 
second half of previous day as sankrànti. North 
or makara sankranti falling in night makes the first 
half of next day as sacred. (54) 

When sankrànti is in day time, whole day is 
sacred. Though this is smartta view, the period 
near sankranti is definitely very fruitful. (55) 

As sankrànti is a sacred day, above good 
works are prescribed but non-vegetarian food is 
prohibited. Restriction of non veg food is from 30 
danda before sankrànti and. upto 30 dandas after 
it, i.e. for total of 60 dandas. (56) 


Last degree of a rāśi is masanta and first 
degree is called niram$a. When 'sun is in two 
degrees, it is màsànta or niramó$a kala. In this 
period auspicious works like journey, marriage 
should not be done. (57) 

Sankranti (crossing) period of centre of sun 
(purusa) is thousandth part of a truti. It is not 
possible for human beings to know this. (58) 

(Surya siddhànta) Two equinoxes (visuva 
samkranti) and two ayana sankrantis (solstice) are 
‘nabhi’ i.e. dividing points of ecliptic - hence they 
are very important, sdyana karka and makara also 
are equidistant from equator, as sáyana mesa and 
sayana tulà are equidistant from meru. (59) 
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From north ayana (i.e. makara sayana 
sankrantis) there are 3 seasons starting with Sita 
for two months each similarly from sayana karka 
sankranti (south ayana) 3 seasons starting with 
varsa (rains) 2 months each. (60) 


Verses 61-70 - Measure of different years 


Number of mean sàávana days in five types 
of years is being stated according to mean sun 
motion. (61) 


Candra varsa 354/22 days 
NakSatra varsa 359/1 days 
Sàvana varsa 360/0. days 
Barhaspatya varsa 361/15 days 


Saura (solar) varsa 365/15/31/31/24 days 

12 lunar revolutions 327/52 days (62-65) 

Manus starting with svayambhuva, rule for 
their periods called manu (or manvantara) For 
that, there is no separate count of days, months 
etc. (66) 

One lunar month is day night of pitars. 360 
such days (i.e. 360 lunar months) constitute a pitar 
year. There are (10,631) sávana days in a pitr varsa. 
(67) 

Time scale for deva and asuras is same, but 
their day and night are in reverse order. When 
one has day time (for 6 months), the other will 
have night. (68) 


360 daiva (or āsura) days i.e. 360 solar years 


make divya varsa, which contains (1,31,493/9) 
savana ,days. (69) 
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In one. year of Brahma there are 
(31,10,40,00,00,00,000) solar years (43,20,000 years 
of yuga X1000 yuga in a kalpa X 720 day nights 
in a year) Day of Brahma (kalpa) has iix been 
described. (70) 


Verses 71-74 - Other opinions 

Harivaméa purana has given different value 
of manu which cannot be derived from solar 
motion. That is mentioned here out of respect for 
declaration of sages. (71) 

(HarivamSa purana) 10 divya varsa make one 
day-night of manu. 10 day-night of manu make 1 
pakéa. (72) 

10 manu pakSas are 1 manu month end 12 
manu months is one manu season - as stated by | 
_ seers who know the truth. (73) 
For vaidika and smártta functions there are 
many types of time scales. This arrangement of 
time has been discussed in smrtis. Hence proper ` 
time for marriage etc are not being discussed here. 
(74) 

` Notes : Manvantara of Harivamésa 
Manu year = 10 seasons (suppose) 
= 10 X 10 manu months = 10? manu pakéa 
. .= 10* manu days = 10? divya years l 

= 360 X 10? years (solar) 

1 manvantara - 43.2 X 10? years of yuga X 
71 yugas 

1 manvantara - 43. 2 x 71 

1 manu year 360 

i.e. 1 manu = 86 seasons approx. 


= 8.6 years approx 
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Verses 75-76 : Moon motion 


According to motion of moon, ocean water 
rises. Hence waters of Ganga and other rivers also 
must be rising. But this doesn't appear reasonable, 
hence it is not being described. (75) 


Hemisphere of moon facing sun is lighted 
with sun rays and opposite part remains in shadow. 
In front of half shadow, people on earth see, that 
phase of moon (bright portion). This increases as 
moon moves away.from sun. In other direction 
when moon approaches sun, its phases decreases. 
Do the pitars living on moon see the west ward 
motion of sun for a month ? (76) 


Note : It is held that soles of deceased (pitars) 
live on moon surface opposite to earth. For them 
sun will rise in east and set in west after 15 days. 


Verses 76-77 - End 


May Lord Krsna as Jagannatha destroy my 
attachment to greed of world, who is shining black 
like cloud, bees, yamunà river water, blue lotus, 
black spot in sun and blue emerald, but wears 
yellow dress shining like lightning, campà flower, 
kumkuma, turmeric and gold. (76) 

Thus ends the twenty second chapter describ- 
ing kala in siddhànta darpana written as text book 
for accurate calculation by Sri Candragekhara, born 
in famous royal family of Orissa. (77) 


Chapter - 23 
PURUSOTTAMA STAVA 


(Prayers to Lord Jagannatha) 


Though the knowledge of astronomy is by 
grace of god, the beauty of sanskrit verses having 
double meanings for each word, cannot be ex- 
pressed in english. We may be content with our 
inner devotion devoid with word marvel of sanskrta 
prayers. 


CHAPTER - 24 


Upasanhàra Varnana 
(concluding chapter) 
Kautuka Panjikà Vidhàna 
(Easy calculation of calendar) 


Verses 1-2 - Scope 


I had started this text with prayer of my most 
respected Lord Jagannatha. Again with respect to 
Him, I am closing this book. (1) 


Before closing this book, I, will describe many 
methods for easy calculation of calendar. My father 
had prepared pancangas with great labour. In my 
young age, I had prepared this easy panjika on 
that basis. (2) 
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Kautuka Panjikà 


Verse 3 : Object. 


I am describing the method to prepare new 
pancanga by seeing old ones only, without know- 
ing spherical mathematics etc. 


Verses 4-13 - Tithi, naksatra and yoga 

When sun is in odd quadrants from mandoc- 
ca, savana dinas in an year will be 358/18/16. In 
this period, there would be exactly 364 tithis. (4) 

In 358/13/3 savana dinas there are 354 nakéatra 
dinas. Hence manda kendra from sun is not 
needed. (5) 

In 358/14/30 savana dinas there are exactly 380 
1/2 yogas. This happens when sun is at end of 
odd quadrants from mandakendra. (6) 

Karana in a particular tithi ardha will be 
repeated after one year in same tithi ardha. If 
nakSatra (13'20^) is divided into 4 quadrants (3°20 
: each), there are nine quadrants in a rāśi. (7) 

In these sávana days (358/18/16), moon will 
complete its 12 lunar months (synodic) and there 
will be exactly 4 tithis more. There are 3 nakéatras 
more than a complete revolution. (8) 

From complete cycle of yogas, there are 2-1/2 
yogas more. After this additions to tithi etc of 
previous year, the tithis etc of present year are 
called ista or accepted tithi etc. In ista tithi (starting 
time) we add 18/16 nadi (danda), in ista nakSatra 
13/3 danda and in ista yoga 14/30 dandas are added. 
(9) 

If after these additions, the sum is less than 
60 danda, then in ista days 1 vara is added. If 
result is more than 60 then 2 varas are added. (10) 
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In tithis of previous (grahya) year, we add 4 
tithis, in grahya nakSatra 4 nakSatras and in grahya 
yoga 2-1/2 yogas are added. Then we get ista tithi 
etc. (11) 

The questions such as these can be raised - 
what will be ista tithi in a given month and pakSa? 
What will be nakéatra or yoga on that ista tithi ? 
(12) 

Since tithi is the main thing in a pancànga, 
the day on which ista tithi is over or the nakSatra 
or yoga will be completed on that tithi, all will be 
taken as ista tithi etc. According to this ista tithi, 
wé add or deduct 1 day to grahya day. (13) 

Notes : (1) Selection of this period for new 
calender. 

A synodic lunar year ends after 354.367 days 
after which tithis are exactly repeated. 

However, lunar nakéatras are repeated after 
355.816 days after completing 13 exact revolutions 
round earth. Since we count the days from tithi, 
convenient tithi after completion of lunar years are 
searched, when other elements are slightly dif- 
ferent, from previous year. 

Calculations are based on these modern figures 

Sidereal period of moon = 27.321161+43-7/2 hours 

Synodic period of moon = 29.5305881 + 7 hours 

Tropical solar year = 365.2421 9879 days 

Sidereal year = 365.256362 days = 365/15/22/54/12 

Indian year = 365.2587564 days = 365/15/31/31/24 


Daily speed of moon = 13°.176358° = 13°/10/34/53 
Daily speed of sun = 0°.9856091 = 0/59/8/11.57 
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(Sun * moon) speed - 14'.161967 
1 cycle of 27 yogas = 25.420197 days 
14 cycles of 27 yogas = 355.88275 days 


Tithi NakSatra Yoga day 
Tithi 1 0.970187 1.045528 0.98435 
Nakéatra 1.030729 1 1.014601 
Yoga 0.95645 1 0.94149 


Karana is entirely decided by tithi, hence we 
consider other pancanga elements for each tithi 
following completion of lunar year. When fraction 
of day and addition remains within 1 day, vàra 
(week day) is same as day number, for more than 
1 day, next week day is taken. After 354 day of 
lunar year, week day number is 354 + 7 = 
remainder 4 i.e. week day will be added 4 or 
substracted 3, we write - 3. 


Value in days on completion of lunar year 


Tithi Days Weak Nakéatras Yoga 
completed day (after 13 (after 14 
cycles) cycles) 
0 354.36705  .3 -0.80282 -1.60990 
(+0.98435) (+0.97019) (+1.04553) 
1 355.35140 -2 0.16737 -0.56437 
2 356.33575 -1 1.13756 0.48116 
3 357.32010 0 2.10775 1.52669 
4 358.30445 1 3.07794 2.57222 
5 359.28880 2 4.04813 3.61775 
6 360.27315 3 5.01832 4.66328 


We see that on completion of 3rd and 4th 
tithis, we have most convenient times to calculate 
nakśatra and yogas. After 3rd tithi, week day will 
be same, nakSatra will be 2.108 more and yoga will 
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be 1.527 more. After 4th tithi, week day wil be 1 
more, nakSatra will be 3.078 more and yoga will 
be 2.572 more. Before that, week days and 
nakSatras deviate more from round numbers. After 
4 tithi the addition to nak$atra and yoga will be 
more and yoga will be neither complete number 
nor round number. 

(2) Correction terms : Third and fourth tithis 
are both convenient, rather third is slightly better. 
However, Candra$ekhara has selected the comple- 
tion of 4th tithi after id of a lunar year for 
correction of previous year elements. 

At the end of 4th tithi, completed days are 
358.30445 - 358/18/16 as given. (From above chart) 


Week day is 1 more, if after adding 18/16 
danda extra at end of tithi, the tithi ending is 
within 60 danda. If it is more than 60 danda, 2 is - 
added to week day number. 


NakSatras after 13 complete cycles, are 3.07794 
more. Fraction of 0.07794 nak$atras = .079078 = 
4/45 danda. Here 5/3 danda have been deducted 
so that after 358/13/3 days 13 X an 354 nakSatras 
are completed. 


2.57222 yogas are completed after 4th tithi. 
Thus after 14 cycle of 27 yogas and approximately 
2.5 yogas, the lapsed. yogas are 14 X 27+2-1/2 = 
380-1/2 yogas. Fraction above 2.5 yogas is 0.07222 
yoga = 0.07222 X 0.94149 days = .06799 days = 4/5 
danda. 

Here 3/16 danda have been substracted from 
358/18/16 to get 358/14/30 days for 380-1/2 yogas. 

(The slight difference is due to difference in 
sidereal solar year and siddhànta year as written 
above. 
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(3) Example : Suppose we have to calculate 
new year elements ista from old year (grahya) 


Old Year New Year Additional 

Elements 

(Grahya) elements time to be added 
(Ista) (danda/pala) 

Tithi - t t + 4 18/16. 

NakSatra = n n+3 13/3 

Yoga = y y + 2-1/2 14/30 


If grahya element is for vaisakha sukla 5, in 
next year's calender we get the value for vai$akha 
-sukla 9. That tithi will end 18/16 dandas after 5th 
tithi had ended previous year. NakSatra on that 
day will be 3 more and this 4th ista nakSatra will 
end 13/3 danda after previous year value. Similarly 
2-1/2 will be added to yoga. That will end 14/10 
yoga after gráhya,yoga had ended previous year. 
Then we add 1/2 duration of that yoga, then y+3 
yoga will end. 


Verses 14-16 : Correction in tithi 


In solar months from mesa to simha, we add 
to ista tithi 38, 68, 78, 68, 38 palas respectively. 
(14) 

But these will be substracted from ista tithi 
in five solar months starting with tulà. When sun 
is in 18° of the rasi, this addition or deduction 
amount will be calculated in proportion to the 
difference of sun degrees. These palas are not 
added or substracted for endings of nakSatras. (15) 


The times of increase or decrease in tithi 
duration for solar months starting with dhanu are 
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dhanu (15), makara (14), kumbha (13), mina (12) 
mena (11), vrsa (10), mithuna (9), karka (10), simha 
(11) kanya (12), tula (13), vr$cika (14) . . . (16) 

Verse 17 : These amounts will be reduced or 
added to the time of tithi endings. These amounts 
reduced by 1/12 will be reduced or added to 
nakSatra times. 


Notes : Compared to lunar year, this calendar 
period is 4 tithis more. Compared to solar year, it 
is about seven days less. Its value being between 
both, minor adjustments in both types of values 
wil be needed. 


Difference from solar year is 
365.256362 (Siddhànta value 365.258756) 
- 358.30445 days 

6.951912 days (6.954306) 

6.85187 degrees (6.85423) 


These periods for calculation are calculated 
` with reference to mandocca 78° of sun. Present 
year position of 78° for sun will not have any 
correction for mandaphala. But last years position 
will be corresponding to 78°+7° = 85° position of 
mean sun. For that true sun will be less by r sin 
7° = 16 kala approximately, where r is parama 
mandaphala. Thus tithi, calculated from (moon- 
sun) will be more corresponding to 16 kala 
difference. For 12° difference, tithi extends to 60 
danda approximately. 


u 


60 
For 16 kalà the correction will be 2" 16 = 


80 pala approximately. By accurate calculation this 
comes to 78 pala for 78° sun position i.e. mithuna 
(18°). 
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Increase in value of sine is proprotional to its 
cosine which is maximum for 0° difference (from 
78' position) and minimum for 90* difference. It 
is positive in Ist and last quadrants. Thus correction 
is positive for two signs more and 2 less than 
mithuna with decreasing values. In third rasis from 
mithuna (168° or -12°) correction is zero and for 
others it is negative. These values are based on 
difference of sines of 18° and 25° for mesa, 48° 
and 55° for vr$a etc. For remaining days, correction 
is found by proportion. 


Speed of tithi is speed of (moon-sun) which 
is 12/13 of moon speed. Speed of change of nakSatra 
is moon speed only. Since nak$atra changes 1/12 
earlier, its time correction will be 1/12 less than 
that for tithis. 

End of tithis increases progressively, hence its 
duration also will increase. For example, suppose 
3rd tithi ends after 20 pala, 4th tithi after 25 pala 
more time. Then duration of 4th tithi will by 25-20 
- 5 pala more. This is like correction of time for 
difference between true and mean sun (equation 
of time or velántara) sanskara. Roughly it is seen 
to be 2/5 of that value. Velantara sanskara becomes 
zero after every 3 months. If this interval is taken 
as 180° when sin function becomes zero at the 
ends, then 7 days are less than 1/6 of 3 months. 
Sin 180°/6 = 1/2. Hence, it is less than 1/2 of 
velantara. These are approximate values based on 
observations and mathematical derivation will be 
very complicated, but still approximate. 

Verses 18-19 : Half day for 7 days less than 
gráhya day will be the half day for ista day in 
present year. Hence, difference for 7 days in half 
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day will have to be added ot tithi, nakSatra and 
yoga for south krànti and deducted for north 
kranti. (18) 

This will make the tithi etc sphuta according 
to old theories like sürya siddhanta etc. From these 
rough tithis, we can find accurate tithis according 
to mandocca etc. (19) 

Notes : We are taking the interval 7 days less 
than the solar year. Hence in south ayana, when 
day length is decreasing, this will be half day of 
7 days earlier in previous year i.e. more than the 
value. Hence, sunrise will be earlier and the time 
of tithis etc, after sunrise will increase. This increase 
or decrease will be corresponding to difference in 
half day length. for 7 days earlier in grahya tithi. 


Verses 20-24 : Correction of tithis 

If grahya tithis (of previous year) are accurate, 
then they should be made rough (because these 
calculation are based on rough method only). 
Tungantara and pakSika etc. corrections are calcu- 
lated and applied to accurate tithis in reverse 
manner. (20) 

In tithis from Ist to 7th we add 68, 125, 159, 
166, 145, 98 and 35 kalas respectively and deduct 
from tithis from 8th to 14th in reverse order. (21) 


In half pak$a, tungantara bhuja kala is divided 
by 225. Result will be bhuja khanda of tungantara. 
Q2) 

According to these results, mandaphala of 
jupiter in kalà is multiplied by 5 and divided by 
2. That will be para etc for mid pak$a. These results 
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in para for Ist to 7 are multiplied by 13, 25, 35, 
45, 52, 57, 60. From 8th to 14th they are multiplied 
in reverse order - 60, 57, 52, 45, 35, 25, 13. In all 
results we divide by 66 and correct in reverse way 
as done for tungantara. Then accurate tithi will 
become rough. (23-24) 


Verses 25-27 : Correction of nakSatras 


Similarly at the end of tithi also, the nakSatra 
to be completed, will be used after deducting 1/13 
parts less than the correction of that tithi. If by 
end of tithi, nak$atra is not completed, then the 
time between tithi and nakSatra endings is multi- 
plied by the difference of correction times of two 
tithis in which nakéatra falls. Product will be 
divided by 60 and added to the lapsed part of 
nakSatra or deducted from remaining part. Then 
the grahya (base years) nakSatra will become rough. 
(25-26) 

We deduct from grahya nakSatras (of base 
year), the following kalà (palas) in solar months of 
makara (26), kumbha (46), mina, mesa (53), mesa 
(46) and vrsa (26). These are added to months 
beginning with karka. There is no change in dhanu 
and mithuna months. (27) 


Notes : Correction for tithis are clear. Due to 
tungantara and pakSika correction, tithis had been 
revised. But the present calculations are for 
pre-revision tithis, hence reverse corrections are 
needed. 

NakSatra correction depends solely on moon 
motion. Same difference is caused in tithi which 
depends on sun motion also. Since moon is 13 
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times faster than sun, nakéatra change will be 13/12 
times faster. Corection ratio will be 12/13 times the 
ratio for tithi. 


Verses 28-29 : Yoga correction 


For yoga starting with viskumbha etc, the 
correction is 1/7th less than that of nakéatras. Like 
lapsed and remaining parts of nakSatra, here also 
proportionate correction time will be found. By this 
method we get rough tithis from base year 
accurate values (28) 


To make the rough tithi's etc. accurate, we 
make corrections.for tungantara and paksika both 
results in order opposite to that explained above. 
For tithi, nak$atras, this correction will be positive 
for 5 months starting with solar karka month and 
negative for 5 months, starting with solar makara 
month. (29) 

Notes : Speed of yoga will be still faster hence 
the difference from tithi correction will be double 
of nakéatra correction. Difference for nakéatra is 
1/13.36, hence difference here will be 2/13.36 = 1/7 
approximately. 


Above were correction for making accurate 
values (for which tungantara and pàk$ika correc- 
tions have been made to moon) to rough values. 
For changing rough values to accurate, we have 
to make opposite corrections. 


Verse 30 : Adhimiasa 


- If there is an adhimàsa between grahya (base 
year) month and ista (next year) month, then we 
take the month next to the grahya month. Because 
there are 371 + 1/16 = 371/3/45 tithis in a solar 
year. 
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Notes : There are 365.256362 days in a sidereal 
solar year and 1 tithi = 0.98435 days (verse 13) 


Hence.no. of tithis in 1 year are 
365.256362 
0.98435 
= 371+1/16 approx. (371/3/48) 

Here it is given 371/3/45 


Verses 31-35 - NakSatra and rāśi of sun. 

In one revolution of sun or a solar year, there 
are 365/15/32 savana (civil days) dina. Vara of 
nakSatra is that vāra (week. day) on which sun 
enters that nakSatra. (31) 


- 371.0635 


Vara of nakéatra in present year will be one 
more than vara of nakéatra in previous year. In 
addition we have to add 15/32 danda also. Because 
solar year days etc divided by 7 leave a remainder 
of (1/15/32) days. If sum of base year danda of 
nakSatra and 15/32 added for present year is more 
than 60 danda, then two days are added to vàra 
for sun's entry in a nakéatra or rà$i (samkrànti). 
(32) 

In base year sphuta sun is for some days after 
a particular Sankranti. In present year, for same 
days interval after Sankranti, we deduct 15/18 kala 
to -get sphuta sun. (33) 

Sankranti of a month will be 15/32 danda after 
previous years safikranti. We take the previous 
week day in base year and from sphuta sun of 
that day we get the sphuta sun of this year (by 
substracting 15/18 kalas as before). (34) 


But here it is asked to deduct 15/18 kalas. 
This can be made sphuta (more. accurate) by 
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multiplying with sphuta gati of sun and dividing 
by 60. That sphuta kalà etc. should be substracted 
from previous year's sun of corresponding day (365 
days before). (35) 

Notes : Adding 1 week day and 15/32 dandas 
have already been explained in the text. Civil days 
in a solar year divided by 7 give. 

365/15/32 

7 

With average speed of 59/8 sun will move 
15/32 X 59/8 = 15/18 kala, hence 15/18 kalas are 
deducted, because sun's position will match after 
15/32 danda. Its position of same time will be less 
by motion in 15/32 danda 

More accurately, the movement is 

15/32 x sphuta gati 

60 


Verse 36 : Sun gati. 


Sphuta gati of sun is obtained by substracting 
sun of grahya dina (day of base year) from sun 
of next day. 


= 52 + remainder 1/15/32 


If sarikrànti of sun falls after end of amavasya, 
then the month will be extra (adhimasa). 


Verses 37-38 : Moon gati 


Lapsed portion of a nakSatra is found by 
multiplying period in danda etc by 800 and dividing 
it by total duration of nakSatra. Result will be in 
kalà etc. 

‘The number of previous nakSatra will be 
multiplied by 800 and the kalàs of present nakSatra 
are added to it. This gives kala of sphuta moon. 
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By dividing it with 60 we get the degrees and 
degrees divided by 30 give ra$is. (37) 

We divide (28,80,000) by total duration of 
nakéatra in palas. Result will be sphuta gati of 
moon. By this method, learned astronomers can 
know tithi and gati of moon for many years in 
advance, (38) 

Notes : Motion of moon is considered constant 
within a small period of nak$atra of approximately 


one day. , 
Kala of past poriton —— 800 kala of full nakSatra 
period of past portion Period of full nakgatra 


Each nakSatra is of 13°20’ = 800’. So we add 
the completed nakSatras and their value is found 
by multiplying with 800' kala. Adding the covered 
portion of present nakSatra will give positon of 


true moon. 

Since moon moves in 

d palas — 800 kala of nakSatra 

Hence in 3600 pala (- 60 X 60 pala of a. day), it 
800 x 3600 , |. 

moves —— y kalà 
. 28,80000  . 

Thus: the speed is FAS kalà 


Remaining convensions are based on definitions 

1 rasi = 30°, 1° = 60 kala 
Verses 39-45 : Possibility of eclipse 

To know the posibility of lunar or solar 
eclipse, sphuta position of moon and sun are to 
be calculated. For that, we find the ahargana (count 
of days from a particular standard) for pürnimà 
(for solar eclipse) or for amàvasya (in lunar eclipse). 
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It will be checked by comparing with vara 
(week day). (39) 

This ahargana is multiplied by = 3/10/48 kala 
daily speed of rahu (candra pāta) to get the position 
of pata. At pürnimaà end, if distance between moon 
and its pata is less then 13° then solar eclipse is 
probable. For lunar eclipse, distance between moon 
and pata should be less than 9° (as stated earlier) 
when moon and shadow (i.e. sun + 6 raSi) are in 
one position. (40) . 

We calculate the amànta period (when sun - 
moon) and it is corrected for lambana. For lambana 
corrected period, moon and its $ara are calculated. 
Drkkéepa (south-north distance from zenith) is 
calculated from natāmśa of vitribha lagna etc. (41) 


Sara and drkkSepa are added or difference is 
taken to find sphuta $ara. If this sphuta $ara is 
less than 32 kalà (sum of semi diameters of sun 
and moon) then solar eclipse is probable. Then 
method of finding grasa, mokśa etc has already 
been stated. (42) 


For ista (current) year, we find the interval 
of civil days from sankranti of sun to amavasya or 
pürnimà day. In previous year, we calculate the 
gati of sun or moon for same days after that 
sankranti. Motion for that period is added to the 
positions at previous year sankranti to get the 
present position. Degrees and minutes are made 
equal by gati on current day to find true time of 
amavasya etc. (43) 

In a lunar year, after one eclipse (of any type), 
next eclipse is possible after 15, 165, 180, 195, 345 
or 360 tithis. (44) 
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After 10 years (lunar) again, the grahana are 
probable at these intervals. (45) 

Notes : We have already discussed the interval 
between eclipses while discussing maximum num- 
ber of eclipses in a solar year. Repetition of this 
cycle is after 19 year's vedic yuga or saros cycle 
of Chaldea, because the revolution of rahu is 
approximately in that period. In this period, solar 
year also matches lunar year with extra lunar 
months, as explained in calender (introduction to 
chapter 6) 

19 solar years = 6939.6018 days (Tropical) 


235 lunar months = 6939.688 days (synodic 
months) 

235 lunar months = 19X12+7 = 19 years with 
7 extra months. 

Saros cycle is of 223 synodic months = 242 
months of solar year relative ot rahu (dragon year 
- dracontic months). Sun completes 1 revolution 
relative to rahu in 346.62005 days. Thus 

223 synodic months = 6585.321 days 

242 draconitic months = 6585.357 days 

This period of 242 draconitic months is equal 
to 18 years 11-1/3 days or (18 years 10-1/3 days if 
5 leap years come). 

Half of this period is 111 synodic months 15 
tithis (3339 tithis - Vi$vàmitra figure). This is 
mentioned as 10 lunar years approximately. 
Verses 46-49 - Mangala position 


Tara graha like mangala do not make complete 
revolutions in an year. To calculate their positions, 
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we need calenders (particanga) of many years. From 
these ephemeries, many uses can be found. (46) 

Position of mangala at present day and month 
of current solar year will be exactly same as position 
32 years ago or 32 years after on same day and 
month of solar year. When it is 12 rāśis more than 
sun, 180 kalà is to be added. (47) 

When mangala is 1, 2, 3 rasis ahead of sun, 
we have to add 210, 270, 360, 480, 630 and 810 
kala to mangala. (48) 

When mangala is in five rasis (ahead of sun) 
beginning with dhanu, we substract the kala (last 
five figures above), increased by 1/15th value, 8th 
part, 5th part, 8th and 15th parts respectively. 
Then -mangala will become sphuta after 32 years. 

Notes : 32 solar years = 11,688.203 days 


17 revolutions of mangala = 17 X 686.97982 = 
11,678.656 days. 


Thus after 17 revolutions of mangala, sun will 
be 9.547 days behind its complete 32 revolutions. 
Thus mars will be ahead by 9.547 X 0/31/25.52 kala 
daily speed = about 300 kala. 


Thus at the time of 32 complete revolutions 
of sun, mars will move 300 kalà ahead. According 
to siddhanta figures, this difference will be about 
180 kala.(= 3°) 

This difference arises when 32 years ago, mars 
was in same position as sun. When mars was 1 
ra$i ahead of sun its true speed will be more than 
mean speed corresponding to $ighra phala for 1 
ra$i. 


1054 Siddhanta Darpana 


Then correction will be 180 kala + $ighra phala 
for 1 raSi = 210 kala. (actually it will be difference 
of $ighra phala for 30° and 33°). Similarly other 
corrections are made. 

From dhanu, $ighra phala will be negative 
but $ighra paridhi will increase. Hence the correc- 
tions will be proportionately more, but negative. 


Verses 50-51 : Budha positoin 

Position of budha for a particular day of a 
solar month will be same as its position 13 years 
ago on same day of same solar month. There are 
many other calculations involved in it. Speed 
difference of spasta budha and mean sun is 
multiplied by 8 and divided by 3. (50) 

If budha gati is more than (59/8) mean sun 
gati, then this result will be added ot budha raéi, 
otherwise substracted (if budha gati is less). If 
budha is vakri, then sum of sphuta budha and 
mean sun gati is multiplied by 8 and divided by 
3. Result will be substracted from vakri budha. (51) 

Notes : 13 solar years 
4748.3326 days (Sidereal) 

4748.3638 days (siddhanta) 

54 revolutions of budha = 13 X 87.96926 

= 4750.34 days 

41 conjunctions of budha = 41 X 115.878 

= 4750.998 days 

Mean speed of budha is same as mean speed 


of sun as it moves around sun in a much smaller 
orbit. 
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41 conjunction time - 13 solar years = 4750.998 
- 4748.333 - 2.665 - 8/3 days approx. 

Hence, change from mean position of sun is 
the movement of budha relative to sun in 8/3 days. 

Relative speed of budha = budha gati - sun 
gati (mean) 

It is positive, if budha gati is more than mean 
sun gati (59/8) and negative if less. 

If budha is vakri , relative speed = - (budha- 
gati + sun gati) 

Thus the corection to budha positon is 8/3 X 
relative speed. 


Verses 52-53 - Guru position 

Guru position will be almost same as its 
position 12 years ago. Difference of guru and sun: 
in kalà is divided by 120 and result is added to 
210 kalà. Sum is added to guru. (52) 

Again when guru is ahead of sun by 5 rà$is 
starting with karka, then difference of sun and 
guru is divided by 33, 17, 11, 17, 33 Result is 
substracted from previous diffrence and remainder 
is added ot guru. When guru is in 5 rà$is starting 
with makara, this difference is added to 210 kalà 
and the sum is added to guru to find its sphuta 
(wue) position. (53) 

Notes : 12 solar years - 4383.0763 days 

1 Guru year - 4332.5891 days 

Thus at end of 12 solar years, guru will move 
ahead of complete revolution by 50.487 days. In 
this period guru will move ahead with mean speed 
by 50.487 X 4/59.13 kala = 251.703 kala. 
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Thus, corresponding to difference of 251.7 
kala $ighra kendra of guru, $ighra phala is to be 
substracted. Since guru is on average 5.2 times 
farther from sun compared to earth, it is about 6.2 
times farther from earth at $ighra kendra zero. At 
252 kalà it will be about 6 times farther. Then 
$ighra phala correction will be 252/6 = 42 kala. 
Hence, change in guru for 0° $ighrà kendra (at 
base year) will be 252-42 = 210 kala. 

Difference in $ighra phala correction decreases 
with increase in $ighra kendra. Hence reduction 
from 252 kala mean difference will be less. Thus 
corresponding addition to 210 kalas is made 
according to $ighra kendra. 


Verses 54-55 - Sukra position 

On a particular day and month of solar year, 
position of $ukra will be same, as it was on same 
month and day, exactly eight years ago. Difference 
of $ukra sphuta gati and mean sun gati is multiplied 
by 5 and divided by 2. (54) 

If sphuta $ukra gati is more than mean sun 
gati (59/8), then this will be added to sphuta $ukra 
of base year (8 years back). That will give sphuta 
$ukra of current year. When $ukra is vakri , sum 
of gatis of sphuta $ukra and mean sun is multiplied 
by 5 and divided by two. Result is deducted from 
vakri $ukra to get the sphuta position. (55) 


Notes : 8 solar years - 2922.0508 days 

13 revolutions of $ukra = 13 X 224.7008 = 
2921.1104 days 

5 conjunctions of Sukra = 5 X 583.921 
2919.605 days. 
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Thus after 8 solar years, $ukra will move 
ahead of its conjunction for 


2922.051 - 2919.605 - 2.446 days 
This is approximately 2.5 - 5/2 days. 


In 5/2 days $ukra will move ahead of sun, 
corresponding to its relative motion in that period. 


As in case of budha, 


relative speed of $ukra - speed of sphuta 
$ukra - mean sun speed 


When sphuta $ukra has more speed than 
mean sun speed (59/8) the correction is positive. 
Otherwise it is negative. For vakri-$ukra, the 
relative speed of Sukra is sum of the speeds. 


Verses 56-57 : Sani position 


Sani wil be almost in same position on a 
particular solar month and day in which it was 
exactly 30 years ago on same solar month and day. 
Difference between mean sun and sphuta $ani in 
kala is divided by 120 and added to 375 kala. Sum 
will be added toesphuta Sani (of base year). (56) 

When Sani is in 5 rasis beginning with mesa 
from sun, the difference between sphuta $ani and 
mean sun in kalà is divided by 20, 10, 7, 10, 20 
respectively, and the result is added to corrected 
sphuta Sani. Sani (its Sighra kendra) being in 5 
rá$is beginning with tulà, these qualities will be 
deducted. (57) 

Notes : 30 solar years = 10,957.69 days 

1 revolution of Sani = 10,759.2262 days 


29 conjunctions of Sani = 29 X 378.092 = 
10964.668 days. Correction to Sani can be calculated 
in two ways. 


1058 Siddhanta Darpana 


After 30 solar years, Sani is before conjunction 
position by 6.978 days. In this period sun will be 
faster and it will cover more period, hence after 
30 years sun will be behind Sani. Sun will cover 
this difference in 6.978 days with relative speed of 
(59/8.19-2/0.45) = (57/7.74). Thus the difference will 
be 6.978X57/7.74 kala = 398.646 kala. 


Another method will be to calculate the extra 
movement of Sani in 198.464 days with mean 
motion. 


This is correciton corresponding to mean 
motion. The correction for $ighra phala corres- 
ponding to 398.6 kala is 398.6/10.55, as Sani is on 
average 9.55 times éarth distance away from sun. 
This will be about 36 kala, which will be substracted 
for first quadrant. 


Thus for zero Sighra kendra in base year, the 
correction will be 398.6 - 36 = 363 approx. Here it 
has been given as 375 kala corresponding to 
siddhànta figures of solar year, and saturn revolu- 
tion. 

The further correction for other Sighra kendra 
is difference between $ighra phalas of 400 kala and 
30°+400 kala, 60°+400 kala etc. for mesa, vrsa rāśis 
etc. 


Verses 58-60 - Pata and mandocca 

Mangala, guru and Sani will never be more 
than 6 rà$is ahead of sun. After 6 rasis, same kala 
difference will be added in next half of $ighra 
kendra. (58) 

Ahargana between grahya and ista day is 
found. It is divided by 143 and result is added to 
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ahargana. Sum is divided by 19. Quotient is 
substracted from candra pata (rahu) if ista day is 
after grahya day. (59) 

Ahargana is added with its 1/440 part and 
divided by 9. Result is added to moon mandocca 
when ista day is after desired day. (60) 


Notes : Calculation of other planets is already 
explained. Pata and ucca of moon have uniform 
motion, hence they are directly calculated from no. 
of.days lapsed since the base day. Pàta moves in 
reverse direction hence, its extra motion is 
deducted. 


Pata of moon (ràhu) comple? 1 revolution 
in 6793.4598 days 


Hence motion in A days (A = ahargana) 


_ 360" XA A A LN 
6793.4598 ` 18. us ^19 (18.8707 
A 0.1293 1 

"49 “+ 18707) ^ g+ 145.9? 


; A 1 
H he f la is — (1 + — 
ere, the formula is i (1+ ) 


Similarly, ucca of moon moves 1 revolution 
in 3232.5885 days. Hence motion in A days is 


360 X A CNN EOS 
3232.5885 j 8.979413 4 : 
A 0.030587 


) degrees - 2 + >> xi 57 ) 


* 9 0 * 8.979413 
ES ; 
Here the formula is 9 (1+ Es according to 


siddhánta values. 
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Verses 61-62 : Approximate complete revolu- 
tions of planets 


Mean mangala increases by 64 kala in 79 solar 
years. Budha decreases (101) kala in 64 solar years. 
Guru decreases 74 kalas in 83 solar years. (61) 


Mean $ukra increases 43 kala in 243 solar 
years. Sani increases 57 kala in 59 solar years. Rahu 
decreases 20 kala in 93 solar. years. Sighrocca of 
budha and $ukra and mean values of other planets 
come almost correct by this calculation. (62) 


Notes : Siddhànta figures are already given. 
Figures as per modern values are calculated here. 


Mangala movement in 79 years 
. 79 X 365.25636 
—  686.97982 
= 42.003056 revolutions = 42 revs + 66.009 
kala (Here it is 64 kala) l 
©- Budha movement in 64 solar years 
. 64 X 365.25636 
| 87.96926 
= 266 revs - 95°50’ 
Here the difference is 101 kala only instead 
of 95°50’ 
Guru movement in 83 solar years in ` 
_ 88 x 365.25636 
— 4332.58912 f 
= 7 - 0.00273 revs. = 7 revs - 59.06 kalā only 
Here thè différence is 74 kalā. i 
Sukra movement in 243 solar years is 
_ 243 x 365.25636 
p 224.7008 


revolutions 


revs = 265.73381 revs 


revs = 6.99727 revs 


= 395.00213 revs. 
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= 395 revs + 46.008 kala 

Here it is 43 kala. 

Sani movement in 59 solar years is 
59 X 365.25636 

^ 10759.2262 

= 2 revs. + 63.58 kala 

Here it is given 57 kala. 


= 2.002944 revs 


Rahu movement in 93 solar years is 

93 X 365.25636 
| 6793.4598 

= 5 revs. + 4.9 kala 


Here, it is given as + 30 kalà. Since rahu 
moves backwards it is to be deducted. 


Budha and $ukra positions cannot be calcu- 
lated from their revolutions, as it will indicate their 
distance from sun only. For earth, their difference 
from sun will be r sin / R, where r is radius of 
budha orbit, R is radius of earth orbit and @ is 
angle (budha-sun). R is more correctly R + r cose 
- manda karna approximately. 


: revolutions = 5.0002269 revs 


Budha figures here are not correct, hence, 
parocca correction was made by the author. 


Verse 63 : Solar dates 


For tithi and nakSatra of solar year, whatever 
time interval has been said for adding or deducting 
will be kept separately (it will be used for every 
tithi) Now grahya tithi of (previous year) and 
corresponding tithi of present year will be 7 dyas 
before completion of solar year. We take the 
difference of sun between grahya tithi and 8 tithis 
before it. Sun position at ista tithi of present year 
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will be less by that amount. For accuracy we take 
average of differences of 8th day before and 8th 
day after grahya tithi. This figure and earlier figure 
kept separately, added to sun rà$i will give the 
solar date (equal to current degres in rāśi). 


Verses 64-65 - Use of Kautuka panji 

There may be error in degrees of tarà graha 
like mangala etc, in kautuka pañjikā of next year. 
There will be difference of minutes in moon and 
sun from their true positions. Correspondingly, 
errors in palas in tithi, yoga or nakSatra will be 
considered negligible by the learned. (64) 

No body had constructed kautuka panjikà 
earlier. People can know the auspicious moments 
of pilgrimage, bath etc much in advance. Hence, 
this kautuka panjika is very useful, even though 
it is rough. (65) 

Verses 66-92 : Topics in various chapters. 

Siddhanta darpana has described many topics 
in detail with examples. Stil the topics are 


enumerated chapter wise, so that contents of the 
book are easily known. (66) 


Topics of first chapter are - time measures 
from truti to pralaya, criteria of siddhanta text, 
period of creation, parts of vedas, and its impor- 
tance. (67) 


Subjects in second chapter are - revolution 
numbers of graha, ucca, and their pata etc, number 
of years, months and days in a kalpa, daily mean 
motions of graha, their ucca and pata and methods 
to find them, times of complete revolution. (68) 
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Topics in third chapter are - method to find 
count of civil days, lords of day, month and year 
etc, mean planet, jovian year, dhruva (constants) 
of graha, ucca and pata, hàra (divisor) for ucca 
and pata. (69) 

Topics in fourth chapter are - circumference 
.of earth, longitude difference, difference in start 
of days, corrections for longitude, bhujantara, 
udayantara, cara kala and dhruva padaka (position) 
at end of dvàpara. (70) 


Thus madhyamadhikara of planets is com- 
pleted in first four chapters. In next two chapters, 
method to find true planets have been described. 
(71) 

Fifth chapter describes - value of east and 
west motion of planets, difference is motion of 
planets due to ucca and pata, sines and versines, 
gati-khandas for bhujaphala, paridhi and its manda 
and $ighra paridhis, elements of paficanga like tithi 
and nakSatra etc. (72) 


Sixth chapter describes accurate position of, 
moon and elements of panjika, junction of tithi, 
nakéatra and rāśi, circle and eccentric circles, 
ayanàméa, $ighra phala, kranti jyà, dyujyà and 
bhüjyà, cara and lagna for any place. (73) 

Seventh chapter gives - Cardinal directions, 
bhuja, koti and karna, lambajya, ak$ajyà and agra, 
sama mandala and other circles, finding direction, 
place and time, sphuta sun, karani and kona śañku 
etc. (74). 

Eighth chapter describes diameters of sun, 


moon and shadow of earth, manda karna of sun 
and moon, position of $ara, periods of sthiti and 
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marda in an eclipse, lunar and solar eclipse, valana 
(bending) due to ayana and ākśa, lunar day and 
extent of grasa. (75) 

Nirth chapter describes nati, śañku and 
vitribha lagna two types of lambana for sun and 
moon, difference in shadow length due to Sanku, 
and solar eclipse. (76) 

Tenth chapter describes variation in visible 
disc due to change in nata or unnata time, 3 circles 
according to Sara and diagram for eclipse. (77) 

Eleventh chapter describes - finding equal 
position of sphuta graha, correction for ayana and 
ākśa drkkarma, conjunction of planets, types of 
discs of planet, types of conjunction, observation 
through a tube. (78) 

Twelfth chapter descrbies conjunction of 
nakSatra and a graha, dhruva of nakSatra, south 
and north $ara, shape of nakSatras, numbers of 
stars in them, size of stars, yogatara, saptarsi, stars 
like Agastya, lubdhaka etc. (79) 


Thirteenth chapter describes rising and set- 
tings of planets in east and west, degrees of kSetra, 
kala and mana, brightness of sun, moon and venus. 
(80) 

Fourteenth chapter gives rising and setting of 
moon from difference of time degrees between sun 
and moon, diagram of moon phases, elevation of 
lunar horns and horns of budha and $ukra. (81) 


Fifteenth chapter describes two mahàpatas 
vaidhrti and vyatipata. Thus triprasnadhikéra ex- 
tends for nine chapters. Here ends the first half 
of the book. (82) 
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Sixteenth chapter describes various opinions, 
and raises questions about motion of earth and 
creation etc. (83) 


Seventeenth chapter gives answers to those 
questions, refutation of Bauddha views, location of 
earth in spáce, rotation around it of moon and sun 
with other planets. (84) 


Eighteenth chapter describes creation, nature 
of planets like sun, height of hills, dimensions of 
earth and its oceans, area of circle and earth surface 
etc. (85) 


Ninteenth chapter gives dimensions of orbits 
of planets, stars and sky and its explaination, 
distance of planets and stars, order of lords of 
year, month, day and hora, limit of visible distance 
of śañku, extent of reach of sun rays. (86) 


Twentieth chapter describes two types of gola 
yantra, time from instruments like hemisphere, 
cakra etc, finding planet positions by instruments, 
construction of automatic wheel. (87) 


Twenty-first chapter explains duration of day, 
night of deva and asura, explaination of lagna, 
alternative revolution numbers of planets, seasons 
and method to find cube root. (88). 


Thus goladhikara extends upto 6 chapters. 
Now, last three chapters are described. Twenty 
second chapter tells about years and their meaning, 
months tithi, different periods of lunar, sidereal 
years etc. and solar sankranti etc. (89) 

Twenty third chapter describes Jagannatha 
temple of Puri, and prayer hymns of Lord 
Jagannatha which are also prayer of his forms like 
sky, oceans and other gods. (90) 
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Last, twenty fourth chapter describes kautuka 
panjika and list of topics in this book. Thus 
kaladhikara ends in three chapters. Book is over 
in two halves ganita and gola. (91) 


Some persons don't read whole text and go 
through the summary only. In conclusion, all topics 
are mentioned briefly so that rich and easy going 
can quickly glance through the topic of astronomy 
and its results which is like eyes of vedas.' (92) 


Verses 93-139 : Longitude and latitude of 109 
places. 


In seventh chapter, the topics of time, place 
and direciton have been described in detail. Still 
location of famous places of world is not known 
to the astrologers. Hence, they are unable to 
calculate eclipse etc at different places. (93) 


Hence, the longitude of places from assumed 
prime meridian (through Jünàgarha of Gujarata 
here) and distances from equator are given here 
in kalà (minutes of angle). With help of that, an 
astronomer can prepare ephemeries of any country 
by making slight changes in a standard ephemeries 
of a particular place. 


. Notes : At present, the distance of longitude 
is expressed from standard longitude O° of 
Greenwich, London. In India, since long, Ujjain 
has been taken as prime meridian, from which east 
and west longitudes were measured. Ujjain was 
central place of India from which all places of India 
and even outside in Asia, Africa were named 
according to direction from Ujjain. It is probable 
that the prime meridian in Asura kingdoms was 
between Cairo and Alexandria of Egypt, where 
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great pyramid was constructed to mark O° lon- 
gitude. Reasons for giving this distance from 
Jünagarha of Gujrat is not known. There is 
however, one significance of that meridian. On sea 
coast at that meridian Somanàtha temple was 
constructed from where south meridian will not 
meet any island till south pole. However, the chart 
here appears to be copied from some Gujarati text 
book for purpose of naval records. Source may be 
a nautical almanc or Jaina jyotisa book. 


SI. Place East of North of 


No. Junagarh equator 
(kala) kala 


Ee 

Junágarha 

I 
sangama . 

Lu Udaipur = 

| 11. | Lahore | 36 1900 | 

12. Srinagara (Kashmira)| 43 2053 
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East of North of 
Junàgarh equator 
(kalà) kalà 


A 


Bhopal 


Braja 
» Agra 


Kanchi 


i 


oo 
[A] 


oo 
[-] 


Śri Venkata 
(Tirupati) 
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East of North of 
Junagarh equator 
(kala) kala 


Raja-Mahendri 
Prayàga 
Ayodhyà 


Godavari mouth 
Kashi 

Raigarh 
Visakhapattan 


Sambalpur 


Srikakulam 
Nepal centre 
Mahendra giri 


Brahmapur 


Madhava kSetra 


Bhuvaneévara 


52. Cuttack 152/30 1228 
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Place East of North of 
o Junāgarh equator 
(kalā) kalà 


Mahànadi mouth 


JaleSwara 


e 


Medinipur 


Sylhet (Srihatta) 


hare [m 


mo 
Pease 
E [se 
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SI. Place East of North of 
No. Junagarh equator 
(kalà) kalà 
73. Brahmadesh 257 1103 
(Myammar) 


| 74. | Travati mouth | 257 | 948. | 
| ss. | Persia (Iran) | 157 w | 1920 | 


| 76. | Arab Centre | 237 w | 1410 
| 77. | Turky | 337w | 2190 | 
| 78. | $ri Lanka | 100 | 488 | 
| 79. | Hindukush Centre | 16 2125 
| so. | West Himalaya | 38 | 2104 | 
| 81. | East Himalaya | 243 | 1687 | 
| 82. | Central Himalaya | 141 | 1733 | 
83. | Gaurigarikar 150 1700 
(Everest) Height 19348 hand 
84. | Manasarovar 106 1840 
Height | 14667 hand |: 
| 86. | Tibbet | 193 | 187 | 
| 87. | Central China | 393 


| 88. | Capital Peking | 393 
| 89. | Centre of Russia | 493 
: | Centre of Europe | 507w 


London 
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East of 

Junagarh 

Po 
ix 


Centre of north NE 
America 


Boudha . 


EE Talcher 


Dhenkanal 


Konark 


Mayürbhanj 158 


North of 
equator 
kalà 


1320 South 
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Verses 140-141 : Distance between two places. 

Difference between akSakala of two places is 
multiplied by (5026) and divided by (21,600). Result 
will be squared. (140) 

East west longitude difference in minutes is 
multiplied by 5026 and divided by 360. Result will 
be multiplied by half the sum of sine of colatitude 
of two places and divided by trijyà (3438). Result 
will be squared and added to the previous square. 
Square root of the sum will be straight distance 
between two palces. 

Notes : North south distance is proportional . 
to difference between latitudes. For difference of 
21,600 kalà, we get the circumference 5026 yojana. 

Hence for given difference, north south 
distance is 

Akéa kala x 5026 

21,600 

East west difference depends on sphuta 
paridhi which changes with latitude and is propor- 
tional to sine of colatitude. Hence we have taken 
average of sines of colatitudes of two places. This 
multiplied by 5026 and divided by trijyà gives 
Sphuta paridhi. 


- Yojana 


Cc 


->z 


—E 


A B 


Figure 1 - Distance between places 
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East west difference in degrees (not mentioned 
in text) is multiplied by sphuta paridhi and divided 
by 360 to give result in yojanas. 

From A to C, AB is east west distance and 
BC is north west distance as shown in figure 1. 
Then ABC is a right angled triangle. Hence AC - 
VAB? + BC? 

Verses 142-143 - I have not accepted without 
evidence anything written by earlier astronomers 
about maximum latitude of planets, oscillation of 
ayana, valana etc. I have verified everything with 
observations. (142) 


In dark room we make a small hole at the 
roof. At mid day, we keep a water pot at place 
where sun light falls on ground. The incident rays 
of sun will be reflected at same angle to the vertical. 
This angle will be spasta (apparent) declination of. 
sun at that place. By adding or substracting north 
or south kranti, we get latitude of the place. (143) 


Verse 144 : Reasons for writing the book 

In many ways learned men have inspired me 
to write this book. Old calculation methods do not 
give correct positions of planets as observed, so 
that, religion can be protected. This will refute the 
arguments of those who accept the rotation of 
earth. My stray talks were laughed at in gathering 
of the learned. For all these inspirations, I pray to 
these learned men. (144) 


Verses 145-147 : Family of author 

In Khandapara of Puri district (Orissa, India), 
a king named Vairagi was born, who contained 
the elements of eight lokapalas (protector of eight 
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directions and angles) - Varuna, Indra, Rudra, 
Yama, Kubera, Nairrti, Agni and Pavana. For his 
achivements, king Vairagi, had been given titles of 
Marddaraja and ‘Bhramara vara’ by king of Puri 
himself. He was like moon of Khandapara, the 
brightness of whose knowledge and greatness was 
spread all around. (145) 


Due to grace of Lord Krsna, his devotee king 
Vairági got a son named Sri Nilàdri Singh, who 
defeated his enemies with his fierce prowess like 
Bhistha, son of Ganga. Son of Sri Niladri was Sri 
Nrsimha, who excelled sun and moon with his 
fame and influence. He got his family titles (mardda 
raja and bhramaravara) and, by meditating. upon 
the feet of the undefeated (Lord Visnu), he was 
freed of three troubles (of body, mind and world). 
(146) 

Family of Baghela KSatriyas is as spotless as 
ocean of milk where goddess of wealth (Lakémi) 
resides. In this family itself, Sri Nrsimha had risen 
like a full moon. His own son Sri Syama-Bandhu 
was very learned, and destroyed his ignorance and 
darkness through feet nails of ‘Dinabandhu’ (Lord 
Visnu, friend of poor). He belonged to Orissa, was 
called a Simha (Lion) and was like a sun for 
Bharadvaja family (gotra) as a lotus. (147) 


Verses 148-149 : Author 


I am son of the same Sri $yàma Bandhu 
Simha. I have been blessed by my guru Sri 
Madhusüdana Mahapatra. Kadgaraya (wielder of 
sword - a title) Sri Ananda Migra taught me 
(astronomy). My only shelter is feet of Lord in 
three forms - Brahma, Visnu and Maheśa. I have 
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always erred in following my duties according to 
demand of the times, Still í could complete this 
siddhànta by grace of god. It is offered in the feet 
of the same lord. (148) 


I was born in Kali year 4936. It took me 34 
years to complete this text. No man has the 
complete knowledge. Hence, the learned are 
requested, only to accept the truth in this text and 
ignore the errors. (149) 


Verses 150-166 : Conclusion of chapter 


The learned are requested not to criticise the 
innovations in this book only because they are 
new. For tallying the calculations with observations 
Lalla, Bhaskara, Satananda and Aryabhata etc also 
have writteri many new things in their texts, and 
people accept them. What is the fault, if I too have 
done the same? (150) 


Even before a formal education of siddhànta 
texts, I developed intense curiosity about limit of 
sky, motion of graha and nakSatras. Then, I was 
engaged in their research. With completion of this 
second half, famous as gola ganita consisting of 
two out of nine adhikàra (ie. goladhikara and 
kaladhikara), siddhànta darpana is complete. (151) 


Siddhànta darpana is specially famous and 
respected for its true calculation of planets as they 
are observed. This contains 24 chapters in 5 
adhikáras. This text is over. I wish that this should 
remain useful for long. (152) 


I pray to Lord Krsna, who controls time 
divisions starting with truti to the end of pralaya, 
who subdues the king of dead, Yama, being the 
blackest, always blissful, who is crest jewel of 
Nilacala hill and death of death itself. (153) 
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Lord of my heart may always reside in 
Nilacala (i) who makes the planets move as per 
astronomical calculations so that people timely obey 
the duties described in vedas and smrtis written 
by direction of god, (ii who takes care of the 
whole moving and non-moving world (iii) who is 
ever ready with his raised hands to protect fallen 
like me, (iv) and whose blue colour is bright as 
Indranila (blue emerald). (154) 

Thus ends the concluding 24th chapter of 
siddhànta darpata written as a text bok for true 
calculation of plaents by sri Candra$ekhara born 
in famous royal family of Orissa. (155) 

This book contains a total of 2,500 verses out 
of which 2,284 are written by me and the rest 216 
are quoted from others. May these beautiful verses 
give good results. (156) 

Sometimes the great warrior Bhima also was 
defeated in war. What can be spoken about a 
pandita will little knowledge like me ? Hence, the 
learned are requested to correct the errors and 
repeatitions, wherever they occur. (157) 

Siddhànta darpana is essence of astronomy, 
which is most important of the three parts of 
jyotisa, and is difficult to understand. This text has 
come out like a lion from cave mouth of the family 
of Niladri Simha (Alternate meaning - This is 
pronouncement of lord Krsna himself who is lion 
of Nilàcala Puri) Like a lion, this may vanquish 
the power of England scholars like elephant tusks, 
who reject the theory that earth is fixed in the 
infinite sky and think it as moving. (158) 
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Nilacala is on coast of ocean which is king of 
holy places. This is like a pot of verses made by 
Indra and other gods through which Lord 
Jaganatha is worshipped. My body may fall in the 
same Puru$ottama (The great being) region. (159) 

Note : Sri Chandra$ekhara had really expired 
while praying to Lord Jagannatha in Puri temple. 

In 914th year of Mukundadeva or $aka year 
1814, màrg$irsa krsna 9th, saturday, compilation of 
the book was over. (160) 


Appendix 


Sanskrit terms according to context 
1. Names of planets 
Sun - Ravi, sürya, arka 
Moon - Candra 
Mercury - Budha 
Venus - $ukra 
Mars - Mangala 
Jupiter - Guru, Brhaspati 
Saturn - Sani 
Adjectives of planets - 
Saura - of sun, solar 
Càndra - of moon, lunar 
Bàrhaspatya - of juipter, jovian 
2. Terms of ecliptic etc 
Ecliptic - Krànti vrtta, 
Equator - Visvra vrtta, Nàdi vrtta 
Vrtta - Circle 


NakSatra = stars, constallations or groups of 
stars marking position of ecliptic. 


KSitija - horizon 

Svastika - Zenith or nadir point 
Kha svastika - Zenith 

Bha = nakSatras (27 in number) 
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Bhagana - Revolution (round nakáatra circle) 


Sara or vikéepa - Distance from ecliptic along 
perpendicular to it. 


Kranti - Distance from equator along perpen- 
dicular to equator. 


Rasi - 12 divisions of zodiac of 30° each, 

- position of a planet in ecliptic expressed as 
ra$i and its subdivisions 

- any quantity or heap (literal meaning) 

Dhruva - Pole of equator, north or south 

Kadamba = Pole of ecliptic (north) 

Kalamba = south pole of ecliptic 


Dhruva or dhruvàméa = Distance on ecliptic 
measured along the line from pole of equator used 
for a star. 


Digaméa = Distance in hoirzon circle measured 
south ward from east point 


Unnata amga = Degree of elevation 
Nata ama = Depression angle from zenith 
3. Terms of time, angle etc 


Bhagana = 1 complete revolution of 360° 


Cakra = 1 complete revolution, posiiton at 0° 
from ecliptic beginning or centre of its slow or fast 
motion. 


Rasi = A division of 30° length 

- position of a planet on ecliptic from its 0° 
or from centre of fast or slow orbit with its divisions 

Am$a = Part, degree of angle 

Kala or lipta = minute of angle 

vikala or vilipta = seconds of angle 
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Para - 1/60 of seconds of angle 
Vipara = 1/60X60 of seconds of angle 
Kalpa = 1 day of Brahma of 4.32 bilion years 


- The period in which all planets, their apogee 
and pata make a complete revolution 


- Equal to 1000 yuga or mahayuga 


Pralaya = Dissolution of world. Time till 
pralaya is same as kalpa. Bigger pralaya time is of 
100 years of Brahma = 72,000 kalpa 

Yuga or Maha yuga = A period of 43,20,000 
years. 

Pada yuga - 4 parts of yuga or maha yuga, 
named as satya or krta, treta, dvapara and kali. 
According to Aryabhata each is 1/4th of yuga. 
According to others, the above are in ratio of 4 : 
3:2: 1. Thus Kali is 1/10 of a yuga equal to 
4,32,000 years. 

Vatsara - Tropical year, any year 


Samvatsar = Any type of year, a civil year of 
360 days i.e. 12 mouths of 30 days each used in 
context of vedànga jyotisa of yajurveda. 

Vatsara types - Samvatsara = normal year 
(solar) starting between $ukla Ist to 6th tithi 

Anuvatsara - year lagging behind, the solar 
year which starts between $ukla 7th to 12th tithi 

Parivatsara - year at opposite end, solar year 
starting between lunar dates of Sukla 13th to krsna 
4th. 

Idvatsara = Advanced year, solar year starting 
between lunar dates krsna 4th to 9th. 

Idávatsara = more advanced year, solar year 
starting with lunar dates 10th to 15th of dark half. 


1082 Siddhanta Darpana 


Guru or Barhaspatya varsa = Jovian year in 
which jupiter covers 1 rasi 30° with mean motion. 


Varsa = year 

Varsa of different duration = NakSatra of 360 
sidereal days 

Candra = 12 synodic lunar months 

Guru = 30° movement of mean guru in 1 rāśi 

Divya = 360 years 

Pitr = 360 lunar months 

Saura - Solar year (sidereal) 

Masa - Measured time, month 


Lunar month - period between successive full 
moon or new moon 


Saura masa - Movement of sun in 1 rà$i 

Sàvana masa = 30 savana (civil days) which 
is interval between sunrise to next sunrise. 

NakSatra masa = 30 sidereal days 

Dina = Day (day + night both) 

- Only bright part with day light 

Types are - NakSatra dina - period between 
two successive rising of a star. 


Savana dina - period between successive rising 
of Savana dina of other planets is period between 
two risings of the planet. 


Càndra dina = sávana dina of moon 


- tithi = when moon advances by intervals of 
12° over sun 


Nak§Satra - star or constellation 


- As a time measure it is duration for which 
moon remains in a particular star. 
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Danda or nàdi = 1/60 of a nakSatra dina, 
period of 1/60 revolution of earth. 

Pala or vinàdi = 1/60 danda 

Ghati = same as danda 

Vipala = 1/60 pala = 1/60 X 1/60 danda 

Asu, or prana - 10 vipala = 1/6 pala (about 4 
second) Defined as average breathing cycle of man 
or period for 1 kala rotation of earth. Thus 1 kala 
at equator is same as 1 asu time. Since asu is felt 
by breathing, the time units of asu and bigger are 
tangible. Others are intangible, so small that they 
cannot be felt. 


4. Zodiac Divsions 


1. Mesa - Aries 2. Vrsa - Taurus 

3. Mithuna - Gemini 4. Karka - Cancer 

5. Simha - Leo 6. Kanya - Virgo 

7. Tulà - LIbra 8. Vr$cika - Scorpio 

9. Dhanu - Sagittarius 10. Makara - Capricorn 
11. Kumbha - Aquarius 12. Mina - Pieces 


In western astronomy, these rà$is of 30° 
intervals are measured from point of ecliptic which 
meets equator (equinox) after which it rises north. 
of equator. This point moves west wards relative 
to fixed stars called 'ayana gati' at speed of 50.7" 
seconds per year. In India, this rasi measurement 
from equinox point is called sayana, because the 
movement of equinox is west wards, and its 
negative motion is added to position with respect 
to fixed stars. 


There are two other systems of rāśi measure- 
ment Rasi without any prefix means position from 
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fixed stars (citrà 179.9" or Revati 0.0°). This is also 
called nirayana. The distance of planets from their 
mandocca or $ighrocca also is expressed by names 
of these rasis. This distance is called manda or 
$ighra kendra. 


27 constellations of 13°20’ intervals 


1. A$vini 2. Bharani 

3. Krttika 4. Rohini 

5. Mrgasirà 6. Ardrà 

7. Punarvasu 8. Pusya 

9. A$lesa 10. Magha 

11. Purvà Phalguni 12. Uttara Phalguni 
13. Hasta 14. Citra 

15. Svati 16. Visakha 

17. Anuradha 18. Jyestha 

19. Mula 20. Pürva asdha 

21. Uttara Agadha 22. Sravana 

23. Dhanistha 24. Satabhisaj 

25. Pürva bhadarpada 26. Uttara bhàdrapada 
27. Revati 


There is system of unequal divisions also in 
which 28th nak$atra is inserted between uttara 
asadha and $ravana. In both systems a$vini starts 
with start of mesa and revati ends with end of 
mina rà$i. In unequal divisions, extent of nakSatras 
are generally the distance covered by mean moon 
in one day i.e. (790'35"), where as, in equal division 
all are of 13'20' - 800'. 

In unequal divison extra duration of moon's 
revolution period (254'18"35"^) is allotted to abhijit. 
Three uttarà nak$atra (12, 21 and 26), Rohini (4), 
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punarvasu (7) and anuradha (17) have double the 
length (1185'52"18"") To compensate, six nakSatras 
have half duration, (2) bharani, (6) ardra (9) a$lesa 
(15) svati (18) jyestha (24) Satabhisaj 

Length units 

1 yojana = Distance travelled by light in 1 
truti i.e. 1/1,12,500 sec. 

- 1/1600 of earth's diameter according to sürya 
siddhànta = 5 miles or 7.9 Kms approximately. 

- or 1/3200 of earth's circumference according 
to Varahamihira and Aryabhata - 7.52 miles. 

- yojana or maha yojana for stellar measure- 
ments is 5 terrestrial yojana - 40 miles (8 yojanas 
of sürya siddhanta 

- 16000 hands (1 hand - 1-1/2 ft.) according 
ot sürya siddhànta or 32000 hands according to 
Jaina measures. 

Hand or hasta = about 1-1/2 feet. 

1 angula = 1/24 hand = 3/4 inch approx. 


- any measure of length, which is subdivided 
into 60 units. All measurements will be same angula 
measures. This indicates dimension of length. 


5. Terms used in planetary motion 


Kakśā or kakóa vrtta - Approximate circular 
orbit of a planet's motion. 

Mandaparidhi - Small circular orbit around 
mean planet in which true planet moves with same 
angular speed in opposite direction. With varying 
radius this becomes equivalent to an elliptical orbit. 
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Prati vrtta or Prāti mandala - Eccentric circle 
of same size as kakśā paridhi, but centre removed 
towards mandocca or $ighrocca by distance equal 
to maximum value of correction to mean planet. 

Sighra paridhi - To convert the heliocentric 
position of a planet to geocentric position, planet 
corrected for elliptical orbit has another small orbit 
around it on which true planet moves. This 
corresponds to smaller orbit between planetary 
orbit or earth's orbit. : 

Mandocca - Apogee or farthest point of 
elliptical orbit where plaent is farthest (ucca) and 
hence slowest (manda) 

Sighrocca - Position of planet moving in 
‘slower orbit around earth. For outer planets ‘it is 
position of sun itself. For inner planets, it is that 
planet, i.e. budha $ighrocca is budha itself. 

Kendra - Centre of a circle 


- Distance of planet from apogee or $ighrocca. 
They are called manda and $ighra kendra. Manda 
kendra is like anomaly, which is distance from 
perigee (180° from apogee). Thus manda kendra = 
anomaly + 180°. 

Karna - Hypotenus of a right angled triangle 

- Radius of a circle 

- Distance of a planet from centre of orbit 

Manda and Sighra karna - True distance of a 
planet after calculating manda (elliptical) correction 
is manda karna. Geocentric position is Sighra karna. 

Capa - Arc, part of a circumference measuring 
angle. Its length is measured in kala units where 
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whole circumference is 21,600 kala, or degree when 
circle is 360° 

Jya - Chord of arc, straight line joining end 
points of a capa. This is also measured in kala. 

Cakra - Circle 

- 1 revolution of 360° or 21,600 kala (lipta) 

Jya - Jya is short form of Jyardha (half chord). 
It is half the chord of double the arc. In radius of 
unit circle it is equal to sine ratio of trigonomentry. 
This-is measured in kala, for circumference of 21600 
kala or radius 3438 kala. Thus jya in kala = 3438 
sine i.e. radius X sine. 

Trijya = Jyà of 3 rāśi. Since sine of 3 rāśi is 
1, trijya is equal to radius 3438 kala. 

Vyasa - Diameter 

Vyasardha - half of diameter. This is more 
used for radius of any other circle. In main orbit 
under consideration trijya = 3438 only. 


Kotijya - Distance of Jyà from centre or 
equivalent to Jyà of the koti angle i.e. difference 
of angle and 3 rasis. This is trijyà X cosine 

Utkrama jyà - Distance of Jya from circum- 
ference along perpendicualr radius. This ratio is 
not used in modern trigonometry. This may be 
called verse-sine or versine. Versine of angleO is 
vers = R (1-cos0 ) where R is radius 


Bhuja - Base of a right angled triangle 


- Angle from starting point in first and third 
quadrant and the complement in that quadrant in 
2nd and fourth quadrants. 
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Bhuja jyà - Jya of bhuja of that angle. Bhuja 
of angle 0 in differnt quadrants is 0°, 180° - 0, 0 - 
180° and 360° - 0 in Ist to 4th quadrants. 

Koti - Perpendicular of a right angled triangle 

- Complement of bhuja angle 

Bhujaphala - Correction to mean planet for 
manda or $ighra motions which is proportional to 
Jyà of main of kendra (manda or Sighra) measured 
in main orbit. 

Dohphala - Bhujajyà of radius of manda or 
Sighra circle. This distance measured at circum- 
ference of main circle is bhujaphala. 

Kotiphala - Kotijya for radius of manda or 
$ighra circle. This is component of change in 
distance of planet in direction of mean planet. 

Mandaphala - bhujaphala of mandaparidhi 

Manda kotiphala - Kotiphala in mandaparidhi 

Sighra phala - Bhujaphala in $ighra paridhi 

Sighra koti phala - Koti phala in &ighra paridhi 

Khanda - Parts of angle at which calculation 
of variables is done. For jyà, khanda is of length 
3'45' - 225' i.e. 1/24 of a right angle. Rising times 
are calculated at 1 rasi intervals and krànti at 
interval a half rasi. Within the interval, variation 
is considered proprotional. 

Margi - Planet moving forward i.e. east ward 

Vakri - Planet moving west ward, ue. 
retrograde motion 

Calakarna = same as Sighra karna 
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Paksika phala - Correction in moon’s position 
which varies fortnightly (paksika); It is called 
variation. 


Tungantara correction - Correction in moon's 
motion due to attraction of mandocca (Tunga - 
top, antara - difference) by sun. It is called 
evection. The equation combines second order 
correction of elliptic orbit also. 


Digamáa correction - This is annual variation . 
in correction ot moon due to vaying distance from 
sun.It equals 1/10 of sun's mandaphala, hence is 
called diagamSa (dig = directions i.e. 10, amáa = 
part). : 
6. Calender Elements 


Pancanga = A calendar with 5 limbs (afiga) - 
Vara, tithi, nakSatra, karana and yoga 

Vara - Weekdays 

Tithi - Lunar day depending on its phase. 
These are 30 tithi in a synodic revolution of moon 
ie. 1 revolution ahead of moon. Hence tithi 

moon — sun 
Karana - Half part of a tithi is called karana 


Thus karana = E ed From 14th tithi 
2nd half in krsna pak§a to first half of Sula pakśa 
Ist tithi, 4 .kararas are fixed - Sakuni (hawk), 
catuspada (quadruped), naga (serpent), kinstughna 
is an animal. In remaining 56 half tithis 7 movable 
kararas rotate 8 times 1. Bava (= lion, Babara in 
Hindi) 2. Balava (-tiger, powerful) 3. Kaulava 
(kola = boar), 4 Taitila (-donkey), 5 Gara or gaja 
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(elephant), 6. Vanija (=Trader) and 7. Visti or 
Bhadra (=cow). 

Yoga = Sum of longitudes of moon and sun. 
At 13°20’ interval equal to a nakéatra divison, 1 
yoga changes. Thus there is a cycle of 27 yogas 
in about 25.42 days 


NakSatra - The nakSatra division in which 
moon is located. 

Pak$a = Literally means wings. This is two 
halves of a lunar month. Fortnight 

Sukla pak$a - Bright half of lunar month or 
bright fortnight 


Krsna paksa - Dark half of a lunar month or 
dark fortnight. 


Amavasya - Last day (tithi of dark half). 

Amanta - Ending point of amaàvasya or 
beginnig of bright half, new moon (when moon - 
sun) 

Pürnimà = Full moon or last tithi of bright 
half. 

Pürnimà - Ending point of pürnimaà when 
moon-sun = 180°. 


Names of lunar months 


Lunar months are named according to 
nakéatra near which moon goes on pürnimà day. 
Amànta months ends with amavasya and purnima 
is in middle. This is generally followed. Pürnànta 
month ends with pürnimà. NakSatra numbers are 
given in bracket after the month name. 

1. Caitra (14) 2. Vaisakha (16) 


3. Jyestha (18) 4. Asadha (20, 21) . 
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5. Sravana (22) 6. Bhadrapada (25, 26) 
7. Á$vina (1) 8. Kàrttika (3) 
9. Márga$ir$a (5) 10. Pausa (18) 
11. Magha (10) 12. Phalguna (11, 12) 


At present Caitra month starts in which sun, 
enters mesa raSi with mean motion. Solar months 
also are given the same names. 


Ayanas 


Ayana is movement of sun north or south of 
equator. Krànti is position north of south of 
equator. When sun krànti is southern most, it starts 
its northward motion called uttarayana. 

When sun is in northern most point it starts 
southward motion called daksinayana. 

Two ayana make one 'hàyana' (full year). 
Earlier solar year started with Margóirsa month 
(9th) hence it was called agra-hayana (first of year). 
Since it was having longest nights it was called 
Krsnamása (Ref. Gita), which has become 
‘Christmas’. 

As it was start of ‘divya dina’ of 1 solar year 
it is called ‘badd dina’ (great day). 

Seasons 

Two months make a season. Thus there are 
six seasons which start with year, covering two 
month each 

1 Vasanta (spring) 2 Grisma (summer) 
3 Varsa (rains) 4 Sarat (autumn) 
5 Hemanta (cold) 6 Sisira (very cold). 
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Tithi names 


Tithi names are same and given same numbers 
also in each fortnight. Only last tithis are named 
and numbered differently. Pürnimà is 15th and 
amavasya is 30th as it is last tithi. of month. 


1 Pratipada 2  Dvitiyà 

3 Trtiyà 4  Caturthi 
5 Pancami 6  Sasthi 

7 Saptami ! 8  Astami 

9 Navami 10 Dagsami 
1i Ekàdaáéi 12 Dvadaéi 
13 Trayodasi 14 Caturdaéi 


15 or 30 Pürnimáà or Amavasya 
7..Terms used in Eclipse 

Bimba - Diameter of a planet or star, angular 
diameter 

Bimba yojana - Diameter in yojana 

Sparśa (kala) - Time of first contact 

Nimilana - Second contact, when eclipse is 
just complete or maximum 

Unmilana - Third contact, last point of 
complete eclipse 

Mok§a - Fourth contact, when eclipse is to 
end. 

Sthithi kala - Complete duration of eclipse 
from spar$a to mok$a 

Sthiti ardha - Time between mid point and 
spar$a or mok&a time 

Marda (or vimarda) kala - Duration of total 
eclipse between nimilana and unmilana 
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Marda (or vimarda) ardha - Time between mid 
eclipse and nimilana (or unmilana) 


Grasa - Length of diameter (angle or propor- 
tionate) eclipsed at a particular time. 


Chàdaka - Covering planet or shadow of earth 
Chàdya - Covered or eclipsed planet 

Chàyà - Shadow (of earth) 

Bhü - earth 


Lambana - Parallax due to seeing a planet 
from surface of earth in stead of calculated position 
from centre of earth, in east west direction 


Nati - parallax in north south direction 


Valana - Change in direction of peripheral 
points of disc due to latitude and declination at a 
place 


Akéa valana - valana due to latitude 
Ayana valana - Valana due to kranti 


8. Miscellaneous terms 
Gola - Sphere, spherical trigonometry 
Akśāmśa = Latitude in degrees 
De$antara - Longitude difference in degrees, 
or yojanas 


Sanku - Gnomon - a vertical rod whose height 
is 12 units called angulas 


- Height of a heavenly body on celestial sphere 
above horizon = R cos Z where R = 3438 kala and 
Z = angular distance from zenith 


Yàmyottara - meridian circle, passing through 
north and south poles and zenith 
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Samamandala = Great circle passing through 
east west points and zenith 


Unmandala - Great circle through east-west 
points and dhruva. It is horizon at equator for 
same longitude. 


Drkmandala - Great circle passing through 
zenith and a planet. 

Lagna = Point of kranti vrtta (ecliptic) rising 
on east horizon for a place at a time. 


Madhya lagna - Point of kránti vrtta on 
yamyottara 

Asta lagna - Point of kranti vrtta on west 
horizon 


Vitribha lagna - 3 raéi’s less than lagna. It is 
nearest point to. svastika (zenith) and close to 
madhya lagna. 


Kona - Angle directions 


Kona Safku - Sanku of sun when it comes 
on circle through zenith and angle direction. 


Cara (Cara jya) - Difference of half day length 
compared to equator (15 danda) 


Kujya - Extra drameter of diurnal circle for 
increased half day length 


Dyujyà = Diameter of diurnal circle- 
Ahoratra = Day and night 

Yoga - (Sun + moon) longitude 

- Conjunction betwen planets and stars 


- Conjunction of nakéatra, tithi, vara etc. 
which is auspicous or bad. 


Chaya - Shadow length 
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Chaya karna = Distance from śañku end to 
shadow end 

Palabha - Shadow of a 12 angula $aüku on 

“equinox mid day. 

Pala karna - Chaya karna of 12 angula sadow 
on equinox mid day. 

Agra - Azimuth or digamáa from east horizon 
point at the time of rising 

Karna vrttagra - North south distance between 
shadow end of $anku and palabha. 

Pata or mahapata - When (sun + moon) = 
180° (sayana values) or 360°, their krantis are same. 
These are called pata or mahapata. When it is 180° 
pata is called vyati pata, when it is 360° it is called 
vaidhrti. 

Sankranti - Crossing of sun from one rà$i to 
another. Sankranti period is that period when some 
point of sun disc is in both the rāśis. 

Drkkarma - Finding corrections due to valana 

Sita - Bright part of moon 

Asita - Dark part of moon 

Yasti - Any stick 

- A measured stick with plumb line to measure 
elevation of a heavenly body, or hill etc. 

- Height of sun in vertical direction from 
horizon of equator 

Drgjyà - Jyà of drggati 

Drg gati - Arc of ecliptic between sun or moon 
and central ecliptic point (vitribha) 


Drkkéepa - Ecliptic zenith distance (zenith 
distance of vitribha) or its jya. 


Name and subject index 


Names are arranged in order of English 
alphabet. Numbers are in two components 
separated by dash. First number indicates chapter 
number. O indicates general introduction in begin- 
ning. Suffix A indicates introduction before chapter. 
Suffix B is appendix after chapter. Second number 
indicates paragraph no. of introduction or appen- 
dix. It is verse number of that chapter at end of 
that topic. Suffix n indicates notes after that verse. 


This follows by paragraph number of the note. 


A 


Aberration correction 5A-3 

Abhijit 12-11, 24 

Acyuta Pisarati 0-4 

Adhika masa - Definition 
2-7, names & frequen- 
cy 5-209, Rules 6A-10, 
no. in a kalpa 2-11, in 
vedas 6A-9, in 
Kautuka panjikà 24-30 

Adhipati - màsa 3-14, 15, 
3-20, (Satananda) 
varsa 3-16 

Aditi 6A-9, 6A-10 

Agastya 12-40, heliacal 
rising 13-44 sage 1A 

Agra 7-44 


Ahargana - Defn 3-1, 
values at epochs 6A-6, 
calculation 3-8, error 
correction 3-13 alter- 
nate method 3-49 

Ahorátra vrtta 7-23 (see 
diurnal circle) 

Akaga gangà 12-92 

Akśāmśa - 4-58 

AkSa valana - (see valana) 
- drk karma of stars 
13-37 

Amraja 0-4 

Angira 0-4 star 12-50 

Angula measure of birnba 
10-5 

Annual motion - pata and 
mandocca 3-75 

Anomaly 5A-2 


Name and subject index 


Antyà 7-44 

Anuradha 12-11, 24 

Anuyogadvara 1A 

Apa - 12-40 

Apamvatsa 12-40 

Ardra 12-11, 24 

Area - sphere 18-166 - 
circle 18 - 166 a(2), 


sphere and cube 18- 
166 


Armillary sphere 20-44 a(2) 


Aryabhata I 0-4 rotation of 
earth 16-39 


Aryabhata H - 0-4 

Aégadha - Pūrva and uttara 
12-11, 24 

Aégadhara 0-4 

Aśleşā 12-11, 24 

Asta - of planets 5-164, 
of moon 5-165 

Astarka 13-37 

A$évini - 12-11, 24 

Atharvana jyotisa 6A - 9 

Atri 0-4 star 12-56 

Attraction of ucca 5-18, 27 

Audayika system 4-14 


Author 24-149, his family 
24-147 


Avanti 4-5 
Ayanam$a equation 5A-2 


Ayana correction for stars 
12-40 
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Ayana valana - see valana 
B 


Babylonian calender 6A-8 

Bacchus 6A-10 

Bápüdeva Sastri 5-66, 7- 
23a(1) 

Barhaspatya - see guru 

Berosus 6A-10 

Besselian Fictitious year 
5A-3 

Bessel method in solar 
eclipse 9-85 a(2) 

Bha cakra 1-22 

Bhàdrapada - Pūrva, uttara 
12-11, 24 month 24A-6 

Bhagana 1-53, 2-16, in a 
kalpa 2 - (2,3,4), 
Origin 21-41a, Reasons 
of correction 21-54, 
correction after 10 
thousand years 21-70, 
importance 21-206 

Bhagana Calculation 3-22, 
3-71 

Bhagana period - sun 2-18, 
guru 2-19 - and dis- 
tance 17-128 

Bharani 12-11, 24 

Bhaskara I. 04 

Bhaskara H 0.4, moon 
equation 6A-3b, Bija 
correction 6-46, pre- 
cession 6-101, sphuta 
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sun distance 6-21, rule 
for natàmáa 8-59a, 
lambana formula 9-22 
a(1) prayer 16-4, 
spread of light 19-122, 
geography 18-152, 
sphuta method 21-151 

Bhasvara bimba 11-50 cal- 
culation 11-55 

Bheda of naknatra 12-87 

Bheda yudha -'see con- 
junction 

Bhrgu 0-4 

Bhi cháya - see earth 
shadow 

Bhüdhara 0-4 

Bhuja 7A, 7-33 (see chaya) 
- Jya 5-70, - phala 4-30 
5-120 

Bhi paridhi - sphuta 4A-5, 
4-4, equator 4-4 

Bija correction 6-46 

Bimba - see diameter 

Bohr radius 1A 

Bradlay’s formula 
refraction 7B-4C 

Brahmagupta 0-4 

Brahmahrdaya 12-40 


C 


Cakradhara 0-4 
Cakra yantra 20-93, a (2) 


for 


Siddhánta Darpana 


Calendar - problems 64-6, 
Egyptian 6A-7, solar 
6A-7 Christian 6A-7, 
Babylonian or Chal- 
dean 6A-8 Indian 6A-9 

Cande$vara 0-4 

Candidasa 0-4 

Candradina - Nos in a 
kalpa 2-11, measure 
2-15, period calcula- 
tion 8-65 

Candragati - 5A-3, 6A-1, 
effect of sun 6A-2, cor- 
rection by others 6A-3, 
Evection or tungantara 
6A-3, 6-9, constants 
6A-4, Vakyakarana 
6A-5, Annual variation 
or digamSa “6A-3, 6- 
13, pák$ika or varia- 
tion 6A-3, 6-12, 
reasons of correction 


6-15, 21-115 sphuta 
gati 6-21 

Candragrahana see 
eclipse 


Candra phase or kala- 6-23 

Càndra masa - Defn 2-6 
origin of names 22-34 
no. in a kalpa 2-11 

Candra $rhga - see moon 
horns 

Capa yantra 20-93 a(2) 


Name and subject index 


Cara correction 4-25, cal- 


culation 6-104, easy 
method 6-112 
Cardinal directions 


method 7-5, correciton 
of kranti change 7- 
5a(3), other rnethods 
7-5a (4) 

Cassini formula for refrac- 
tion 7B-4b 

Cedi era 6A-10 

Celestial equator 7-23 

Chaldean calendar 6A-8 

Chadaka 8-39 

Chadya 8-39 

Chaya 7-23, correction for 
sun width 7-13, cal- 
culation of sun from 
7-32, from mid day 
sun 7-34, karna 7-34, 
patha 7-85, of palnets 
11-106 

Cheda 7-71 

Circumpolar stars 
13-44 

Citation in Indian calendar 
6A-11 

Citra - position 12-11, 24, 
see spica position 

Clouds - height 19-85, for- 
mation 21-131 

Colour of planets 18-42, 
of eclipse lunar 8-86 


12-59, 
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Component numbers - see 
sexagesimal 


Conjunction - of planets 
11, time of planets 
11-5, position of 
planets 11-9, $ara cor- 
rection 11-11, 26, $ara 
karna 11-26, types 11- 
60, north south dis- 
tance 11-63, nati 11-67, 
Lambana 11-71, of 
planets and nakSatras 
11-73, 12-84, Bheda 
yuddha 11-75, 12-87, 
of moon and stars 11- 
76, apparent increase 
in bimba 11-109 

Continents of purànas 18- 
53 a(1) 

Creation - time taken in 
3-8, theories of 18-22, 
samkhya theory 18-22 
a(1), vedic theory 18- 
22, a (2) purusa sükta 
18-22 a(3), comments 
of siddhànta darpana 
18-32 

Cube - 21-242, root 21-239, 
Bhàskara method of 
root 21-244, root of 
sexagesimal 21-248 


Cyavana 0-4 
D 


Dainika gati - Defn. 2-16 
values 2-24 
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Daily motion - dainika gati 

Darkness at night 17-145 

Day night - see dina 

De$àntara - Defn. 4-9, cal- 
culation 4-21, diff. 4- 
41-a 

Devacarya 0-4 

Devayuga 6A-10 

Dhanisthà - 12-11, 24 

Dhruva - at dvapara end 
15-62, Bhaskara H 15- 


76 at karanabda (time 
of this book) 15-66 


Dhruvaméga - of nakéatra 
(yogatara) 12-11 of 
other stars 12-50 of 
saptarsi mandala 12-56 

Diagram of eclipse - 8-77, 
10-14, grasa between 
spar$a and mokśa 10- 
30, Alternate method 
10-35, of planet con- 
junction 11-96 


Diameter - of sun 8-15, of 
moon 8-15, sphuta 
value 8-21, angular 
sphuta value 8-23, 
more accurate value 
for moon 9-42, of 
planets 11-40, yojana 
value of planets 11-42, 
mean bimba of planets 
11-44, of nakSatras 11- 
55, bhàsvara bimba 11- 
50, 11-55, apparent 


Siddhanta Darpana 


increase for planets 
11-109, of yogatàra 12- 
24, of other stars 12- 
40, of saptarsi 12-56, 


of stars 19-69 
.Digaméa correction 6A-3, 
6-13 
Dina nakSatra 2-6, 


measure 2-15, savana 
2-6, measure 2-15, 
saura measure 2-15, 
no. in a kalpa 2-11, 
Càndra in a kalpa 2- 
11, measure 2-15, 
variation with krànti 
6-104, 21-6, other 
dinas 21-17, at poles 
21-13, in .kautuka 
pafjika 24-63 

Directions - see cardinal 
7-5a (2) 

Direction of eclipse - from 
valana (parallax) 8-59 

Distance - of sun 8-15 of 
moon 8-15, sphuta 
value 8-21, Bhaskara 
8-21, and period of 
revolution 17-128 
higher value for sun 
19-46, true value for 
sun 8-15, 19-52 


Distance & height - 19-75, 
from diff. of longitude 
and latitude 24-141 


Name and subject index 


Draco 12-62 a, draconitic 
cycle of eclipse 8-5a 
(10) 

Drg jyà 7-51, 71 

Drkkarma - Akéa for graha 
yuti 11-37, àyana for 
graha yuti 11-30 

Duration of eclipse - 8-43, 
single step method 8- 
45, for solar eclipse 
8-54, sphuta value by 
$ara correction 9-56, 
method for small 
value 9-57, single step 
method 9-60, by yasti 
9-72, special method 
9-82, max and min 
values 9-87, by 
diagram 21-189, 

Dvipa - 18-152 

E 


Earth location - Bauddha 
view 16-25, Jaina view 
16-27 criticism 17-38, a 
(2), modern view 16- 
37, Aryabhata view 16- 
39, support for earth 
17-12, 

Earth motion refuted 17- 
78, rotation refuted 17- 
78, no rotation of 
moon 17-74, faster 
rotation of heavy 
jupiter 17-75, slow 
rotation of sun 17-128, 
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manda and Sighra 
kendra 17-133, 


equatorial bulge 17- 
146, god’s desire 17- 
150, summary of 
refutation 17-152, 
Reasons of discussion 
17-159 


Earth shadow - Length 
8-25, diameter 8-26, 
angular diameter 8-27, 
effective diameter 8- 
79, true diameter 8-83, 


Earth size - large sphere 
17-32, as gem 17-154, 
composition 18-47, 
dimensions 18-166 

Eccentric circle - 
pratimandala 

Eclipse - possibility 8-5, 
moon 8-5a (5), sun 
8-5a (6), reason of 8-5a 
(1,2) 8-32, solar, 
eclipse at a place 8-5a 
(7, 9-9, max and 
min. number in a year 
8-5a, (9), cycles 8-5a 
(10), annular 9-62, 
extra methods for 
solar 9-69, shape of 
8-86, meaningful 9-85, 
grasa in solar 9-85 
a(1) Bessels method 
for solar 9-85 a(2), 
complete method for 
solar 9-39 a (3), of sun 


see 
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due to $ukra 11-110, 
list of terms 24B-7 
Ecipse - Calculation of 

deśāntara 4-21 

Ecliptic limits - moon 8-5 
a(5), sun 8-5a (6) 

Ecliptic - obliquity 5A-3, 
visible portions at dif- 
ferent places 21-26, 
sanskrit terms 24B-2 

Ecliptic position from orbit 
- 5A-2 

Egyptian calendar 6A-7 

Ellipse - defn 2-1a 

Elliptical orbit - man- 
daparidhi 5-103 a(2) 

Equation - of Jupiter 5A-3 
of mars 54-3, of moon 
5A-3, 6A-1, of moon 
nodes 5A-3, 6A-1, of 
saturn 5A-3, of sun 
motion 5A-3, of time 
4-41 a, 5A-3, 7B-2, of 
venus 5A-3, 

Eras - Indian 6A-10, 
western 6A-8, Saptarsi 
expln 12-56a(5), 

Evection - of moon 6A-2, 

F 

Fasali era - 6A-10 

Festivals 6A-11 

Floods era 6A-10 


Siddhánta Darpana 


Frequency - of true posi- 
tions 5-196, of sphuta 
gati 5-198, of $ighra 
kendra 5-199. 


G 

Gane$a daivajna 0-4 

Gargya 0-4 

Gati phala - manda 5-138, 
max for moon and sun 
9-87, Sighra 5-142, of 
tara graha 5-150, spe- 
cial methods 5-158, 
demonstration 21-129, 

Gati - màrgi vakri 5-18, 
5-41,yojana gati 19-27, 
of sun 24-36, of moon 
in kautuka panjikà 24- 
38 

Gaussian constant of sun 
5A-3 

Gavàm ayana 6A-9 


Geocentric from  helio- 
centric 5A-2 

Geography 18-112, as per 
Bhàskara 18-152, con- 
tinents 18-152 a(3), 
cardinal towns 18-152 
a(1), Jambi dvipa 18- 
152 a (2) parts of 
India 18-152 a(4), lon- 
gitude and lat. of 109 
places 24-139 


Gnomon - see Safiku 


Name and subject index 


Gola - importance 16-11 
Golardha yantra 20-81 
Gola yantra 20-5, of two 
and one axis 20-44, 
use 20-44 a(3), many 
axis 20-75 
Govindasvami 0.4 
Graha at kali beginning 
3-55 at karanabda 3-69 
Grahana - see eclipse 
Grasa of eclipse 8-39, from 
time 8-50, time from 
grasa 8-53, direction 
8-40, accurate value in 
solar eclipse 9-45 
Great bear - see saptarsi 
Gregorian calendar 6A-7 
Guru varsa - calculation 
3-25, names: 3-46, ex- 
plaination of order. 21- 
78, in kautuka panjika 
24-53 
Guru yuga - 3-46 
H 


Hara (multiplier) - for pata 
and mandocca (annual 
motion) 3-75, for solar 
eclipse (rate in pala) 
9-47 

Haridatta 0-4 

Hasta 12-11, 24 

Hebrew calendar 6A-8 
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Height - and distance 19- 
75 of hill 19-79 of tree 
19-82 of cloud 19-85, 
vision limits - 19-102 

Heliocentric amomaly 5A-2 
by Sighra kendra 5-103 
a(5) 

Heliacal rising setting - 
position of planets 5- 
164, of moon 5-165, 
explaination 13-6, cal- 
culation for moon 12- 
12, drkkarma 13-11, of 
stars 13-16, time for 
planets 13-33, of agas- 
tya 13-44, time 
without drkkarma 13- 
82. 

Herodotus 6A-10 

Hipparchus 5A-1 

Hizri era 6A-10, 6A-8 

Horns of moon - see 
moon, horn of budha, 
$ukra 14-63 

Hrti 7-75 

Hutabhuk 12-40 


I 
Identifying stars (yogatara) 
12-11 
Ilvala 12-40 
Inauspicous times 15-58 
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India - Location 18-91 parts 
18-152a(4) 

Instruments - see yantra 


Interpolation formula for 
sine 5-74 


Introduction of author 0-6, 
24-149 his family 24- 
147 


Iranian calendar 6A-8 
Islamic calendar 6A-8 

J 
Jagannatha Samrata 0-4 
Jain calendar 6A-9 


Jain view of earth 16-27 of 
meru 18-53a 


Jaipraka$a yantra 20-81a 

Jambü dvipa 18-53; 18-152 

Jewish calendar 6A-9 

Joges$a ch Ray 0-6 

Julian day 5A-3 value at 
epochs 6A-6 

Julian calendar 6A-8 

Jupiter equation 5A-3 

Jyà of bhuja and koti 5-70 

Jyà calculation 5-66 tables 
5-66 

Jyà and kotijya 5-75 

Jyestha 12-11, 24 

Jyesthadeva 0-4 


Jyotisa cakra 1-22 - parts 
0-4, 1-9 


Siddhanta Darpana 


K 
Kadamba 5A-3 
Kala meaning and 


divisions 1-30 as god 
22-15 from sun and 
moon 22-24 ninefold 
22-26 

Kalaméa 12-66, 70, 75, of 
stars 13-24, of tara 
graha 13-26, of a star 
13-40, sphuta 13-50 

Kalcuri era 6A-10 

Kali era 6A-10 

Kala yantra 20-77 

Kalpa bhagana - Origin 2A 
calculaiton from 21-41 

Kalpa nakSatra dina 2-6 

Kamalakara 0-4, 12-56 a(5) 

Kapala yantra 20-93 a (3) 

Karana - extent 5-197, 200 
list 5-205 a of Atharva 
jyotiéa 6A-9 calcula- 
tion 5 - (120, 205) 
19-21 

Karana 7-62 

Karna 5-120, 7-23 

Karna vrttagra 7-44 

Kasyapa 0-4 

Katapayadi 0-2 

Kautuka panjika - object 
24-3, elements 24-13, 
tithi 24-13, 16, 17, 24, 
vara 24-19, nakSatra 


Name and subject index 


24-13, 27 yoga 24-13, 
29, sun nakSatra & 
rasi 24-35, sun gati 
24-36, moon gati 24- 
38, eclipse posibility 
24-45 mangala 24-49, 
budha 24-51, guru 24- 
53, Sukra 24-55, sani 
24-57, pata and man- 
docca 24-66, complete 
bhaganas 24-62, solar 
dates 24-63, uses 24-65 

Kendra - Defn. 2-12, 5-70 

Keplar theory 5A-1 

Kollam era 6A-10 

Kona directions 7-5 

Kona Sanku 7-62 

Kotiphala 5-120 

Kranti - calculation 6-99 
sphuta 6-105 from 
charts 6-160 from 

v  palabhà 7-27 

Kratu 0-4, star 12-56 

Krttika 12-11, 24 

Kraunca dvipa 18-152 a(3) 

KSaya dina - defn 2-7, no. 
in a kalpa 2-11 

kSaya masa - 5-209 

- varsa 6A - 9 

- tithi - same as dina 


L 


6-142 dasama 
6-151 for 


Lagna - 
lagna 
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nirayana rāśis 6-153 
for Orissa 6-156 

LakSmanasena era 6A-10 

Lak$micanda Jain 1A 

Lalla 0-4 

Lalita vistara 1A 

Lambajya 4-4 

Lambana - 9-6, sphuta 
value 9-15, one step 
method 9-22, Bhaskara 
formula 9-22 a(l), 
max. value 9-87, lower 


values: 19-42, reason 
21-163 


Lambàméa 4-4, 6-33 

Lankà 1-52, 4-5, 18-152. a 
(1) 

Latitude 4A-5, for 
places 24-139 


Latitude triangles 7A 
Length units 1A-2, dif- 
ferent units 18-175 
Liberation theory of 

precession 6-71 
Life of Candra$ekhara 0-6 
Light of stars 18-41 
Light spread 19-119, error 
of Bhàskara 19-222 
Linear motion 19-27, in 
nakéatra kak$a 19-29, 
unequal 21-28 


List of topics 24-92, of 
sanskrit ^ technical 
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terms 24B, planet 
names 1, ecliptic 2 
time & angles 3, 
zodiac 4, planetary 
motion 5, calendar ele- 
ments 6, eclipse 7 


misc 8 

Lomaéa 0-4 

Longitude 4A-5 for 109 
places 24-139 see 


de$àntara also 
Lords of day 19-108, 6A-6 
Lubdhaka 12-40 
Lunar eclipse - see eclipse 
Luni solar calender 6A-8 


M 
Madanapala 0-4 
Madhava of Sangama 

grama 0-4 
Jya and 11-5-66 a(3) 


Candravakya 6A-5 
Madhya graha - calculation 
: 3-22, 23, at kali begin- 
ning 3-51, 3-55, at 
karanabda 3-69 
Madhya kala of eclipse - 
sama parva kala 8-8, 
sphuta value in solar 
eclipse 9-53, 
Magnitude of stars 12-92 
a(2) 
Magha 12-11, 24 


Siddhanta Darpana 


Mahapata 15-8, rough cal- 
culation 15-20, yoga 
calculation 15-15, from 
sphuta krànti 15-33, 
sparéa and mokáéa 
times 15-42, effects 15- 
45, duration 15-49, 
gola and ayana 15-54, 
reason 21-198, other 
inauspicious times 15- 
58 

Mahááafiku 7-71 

Makkibhatta 0-4 

Mànàmáa 12-66, 70, 75 

Manardha or 
manaikyardha 8-43, 8- 
39 

Mana yantra 20-92 


Manda bhujaphala - see 
mandaphala 
Manda gati phala 5-138 
Manda karna 5-120, 7-23, 
8-21, 19-21 
Manda kendra 
kendra (5-70, 2-12) 
Mandocca - attraction 5-18 
synonyms 2-13 hara 
(annual motion) 3-75 
motion in both direc- 
tions 3-76 sphuta 5-88 
Manu 0-4 period 1-39 
Harivamáa view 22-74 
Marici 0-4, star 12-56 


see 


Name and subject index 


Mars equation 5A-3 Dif- 
ferent equations 6A-3 
spl. method 5-131 in 
kautuka panjika 24-49 

Masa - Candra 2-6 names 
2B-5, 24B-3, adhipati 
3-14, by Satananda 3- 
20, vedic names 6A-9 

Mass centre 17-111 


Mercury equation 5A-3 
kautuka panjikà 24-51 

Meru 18-53, dimensions 
18-53a (2), motion of 
sun 18-53, and 
kumeru 18-87, discus- 
sions 18-87, discus- 
sions 18-108 

Metonic cycle 6A-8 

Milky way 12-92 

Modern view of solar sys- 
tem 16-37 


Moon - equations 5A-3, 
6A-1, perturbations to 
earth 5A-3 rising set- 
ting 14-11, 18, effect of 
sun 6A-2 diff. equa- 
tions 6A-3 spl. method 
5-131 

Moon horns - equation 
14-27 Sara valana 14-29 
diagram 14-43 modern 
method 14-61, a(5) 
reason for new 
methods 14-67 change 
with place 21-197 
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Moon nature 18-38 drink- 
ing of rays 18-35 sun 
rise at moon 22-76 
oceans 22-75 

Moon Zara 8-35 

Motion of earth like top 
4A-6, 7, around axis 
4A-7 

Motion of top 4A-6 

Motion types 5-41 (see 
planet motion) 

Mrgasirà - 12-11, 24 

Mrgavyadha 12-40 

Müla 12-11, 24 

Multiplication of 
sexagesimals 7-10 


N 


Nabonasser 6A-7, 6A-8 
Nadi mandala - celestial 
equator see 7-23a 
Nak$atra - extent 5-197, 
200, list 5-197a, 24B-4, 
sük$ma or unequal 6- 
67, duration 5-203 
dhruvàmáa of yogatara 
12-11, shape 12-18, no. 
of stars 12-14, direc- 
tion of yogatara 12-22, 
gati in nakéatra kak$a 
19-29, éara 12-79, con- 
junction with graha 
12-84, bigger kaksa 19- 
58a, importance 21- 
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206, in  kautuka 
pafjikà 24-13, 27, 35 

NakSatra dina - no. in a 
kalpa 2-6, measure 2- 
15, 22-36 


Nara - see Sanku 
Narada 0-4 

Narada puràna 5-51 
Nara yantra 20-97 
Nata kala 7-71, 76 


Nataàm$a 7-66 rule by 
Bhàskara 8-59 


Nati - 9-6 Sara correction 
9-39 

Nevard era - 6A-10 

Newcomb equations 5A-3, 
6A-1 

Nilakantha Somayaji 0-4 

Nityananda 0-4 

Nrsimha 0-4 

Numbers - Katapayadi 0-2, 
Aryabhata 0-2 

Nutation of earth 4A-7 
equation 5A-3 

(0) 


Oceans - variations 18-98 

Octateris cycle 6A-8 

Orbit - parameters 5A-2, 
nature 19-11, lengths 
19-18, diagram 19-3-, 
revised lengths 19-54 


Siddhanta Darpana 
Orbit position to ecliptic 
5A-2 
Orissa astronomers 0-5 
P 


Padaka calculation 21-83 

Pai (II) 4A-3, series 18-166 
a(1) 

Paitamaha siddhànta 0-4 

Palabha 7-23 

Pañcānga elements - cal- 
culation 5-197, 202, 
203, 204, 205, extent 
5-197, 200 duration 5- 
203, 206, kautuka 24-3, 
63 list of names 24B-5 

Parada samvat 6A-10 

Para kendra 5-88, a (2) 

Parallax 7B-3a earth shape 
7B-3b geocentric 7B-3c 
size and distance of 
moon 7B-3d of moon 
7B-3e stellar 7B-3f, 
lambana and nati (see) 

Parame$vara 0-4 

Parameters of orbit 5A-2 

Pará$ara 0-4 

Para$uráàma era 6A-10 

Paridhi - manda and 
Sighra 5-103 sphuta for 
earth 4A-5 

Parocca 5-88, 21-146 


Parvanta time 8-8 sama 
parva kala 8-11 


Name and subject index 


Pata - hàra (annual mo- 
tion) 3-75, repulsion 
5-33, from chart 6-160, 
max. value 5-33 a, for 
inner 


planet 5-33a mahapata(see) 


Pauli$a siddhanta 0-4, 1A 
Perturbation by moon 5A-3 


Perturbation by planets 
5A-3 - to sun 5A-3 

People on planets 18-44 

Phalaka yantra 20-98 

Phalita jyotisa 0-4 

Pitr - time units 22-26, 
days 22-22, year 22-67, 
movement of sun for 
22-76 

Plakéa dvipa 18-152, a (3) 

Planet-conjunction (see), 


south north distance 
11-63, nati 11-67 


Planet motions - reasons 
5-5, equations 5A-3, in 


siddhànta 5-9, 
heliocentric 21-31, 
types 5-18, linear 


speed 19-23, kautuka 
panjika 24-35, 38 49, 
51, 53, 55, 57, 62 

Planet-positions of kali 
beginnig 3-55 names 
in sanskrta 24B) 
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Poles - day and night 21-13 
rising of planets 21- 
196 

Pole star 12-62 south 12-63 

Pratimandala 21-111 .ex- 
plaination 21-142 

Pravaha 5-2 

Precession 4A-7 equation 
5A-3 Vi$vàmitra 6A-9, 
6-91 

Prthüdaka Svàmi 0-4 

Ptolemy orbit 5A-1, 6A-8 

Pulaha 12-56 

Pulastya - sage 0-4, star 
12-56 

Pürvàpara vrtta 7-23 

Pūrva àsadha - 12-11, 24 

Pūrva bhadrapada - 12-11, 
24 

Pürvà phalguni 12-11, 24 

Puskara dvipa 18-152, a(3) 

Q 


Questions - opinions about 
earth 16-39, location & 
size of earth 16-45, 
revision of bhaganas 
16-48 guru years 16-49, 
true planets 16-53, 
kranti 16-55, eclipses 
16-62, conjunction 16- 
65, light of stars 16-67, 
size of brahmaànda 16- 
69, rising at meru 16- 
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70, observing sun and 
moon 16-73, time 
measures 16-77, easy 
methods 16-79, 


R 


Radius vector - of sun 5A-3 

Rahu - maning for eclipse 
8-30, digamśa correc- 
tion 8-33, modern 
equation 6A-1, 5A-3 

Rama 0-4 

Ramakrsna Aradhya 0-4 

Rá$i - extent 5-197, 200, 
list 5-197a, 24B-4, 
duration of moon 5- 
203, of sun in kautuka 
panjika 24-35 

Ray drinking by moon 18- 
35 


Refraction correction 7B-4 
-b, aberration (see), in 
uniform atmosphere 
7B-4b, concentric 
layers 7B-4c, valana 
10-3, angular measure 
of bimba 10-5 

Retrograde - 5 - 18a posi- 
tion 5-142, 160, a(1) 

Revati 12-11, 24 

Revolutions - see bhagana 
2A, 2-2 

Rising setting positions 5- 
164 


Siddhanta Darpana 


Rising time - of planets 
6-120 - of moon 14-11 
of raSis of Lanka 4-36 
a, 6-126 alternate 
method for equator 6- 
128, at different parts 
of sky 6-130, at 
horizon 6-142, of 
nirayana, rá$is 6-153, 
of nakSatras in Orissa 
7-92, reason of dif- 
ference 21-22 

Rohini 12-11, 24 

Rohitaka 4-5 

Romaka siddhanta 0-4 

Roman calendar 6A-7 

Roots - square 7-7, square 
- of sexagesimal 7-8, 
approximate value 7-9, 
cube 21-239, Bhaskara 
method 21-244, 
sexagesimal 21-248 

Rossi correction for moon 
5A-3 

Rotation - refutation for 
earth 17-68, effects 17- 
115, other planets 12- 


74, resonance for 
moon, budha venus 
12-76 a (2) 

S 


Saka dvipa 18-152, a(3) 
Saka era - old 6A-10 
Salivahana 6A-10 


Name and subject index 


Sakata bheda 12-87 
Salivahana Saka 0-5, 6A-10 
Satmali dvipa 18-152, a(3) 
Samagama - see conjunc- 
tion of moon 
Samamandala Sanku 7-51 
Samhita 0-4 
Samvatsara types 6A-9 
Sandhya of yuga 1-39 
Safikara Narayana 0-4 
Sankara Variyara 0-4 
Sankara Varman 0-4 
Sankranti - sphuta and 
mean 3-56, 57, rules 


6A-10, 6-71, types and 
explaination 22-60 
Sanku 7A, and chaya 7-6, 
setting 7-12, patha of 
chaya 7-85, types 7- 
5a(1), chaya correction 
for sun width 7-13, 
height 7-5a, preparing 


ground 7-5a, 
unmandala 7-37, 
madhyahna 7-38, 


sama mandala 7-51, 
mahasanku 7-71 

Saptarsi 12-56, names of 
stars 12-56, position of 
stars 12-56, motion 12- 
56a (3,4,5), explaina- 
tion 12-56a (5), era - 
6A-10 


1111 


Sara-max value 5-33, 6-33, 
of moon 8-35, of moon 
from chart 8-38, Sara 
gati 8-36, for nati 9-39, 
sphuta 11-26, of 
planets 17-101 

Saros cycle 6A-8 

Sara karna 11-26 sphuta 
Sara 11-26 

Satabhisaj 12-11, 24 

Satananda 04, 0-5, 3-20 

Saunaka 0-4 

Saura - Varahamihira 0-4 

Saura dina - 2-15 

Saura masa - in a kalpa 
2-11 

Savana dina - 2-6 measure 
2-15 in a kalpa 2-11 

Sayana sun - from chaya 
7-32, from agra and 
sama$anku 7-84 

Savai  Jayasimha 0-4, 20-1 

Seasons - change 6A-6, 
vedic names 6A-9, 
reason 21-213, zones 
21-224, names 24B-5 

Seleucus era 6A-8 

Sesanaga 12-62a 

Setting positions 5-164, 
time for moon 14-11, 
distance from sun 5- 
191, time calculation 
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5-193, time for rāśis 
14-11 a(2) 
Sexagesimal numbers - 
square root 7-8 multi- 
_ plication 7-10 cube 
root 21-248 
Shadow of planets 11-106 
Siddhanta - meaning 1-19 
importance 15-68 
Siddhanta yojana 1A 
Sighra kendra 2-42, 5-70 
Sighra paridhi difference 
5-22, 70, value 5-103, 
a(5), sphuta value 5- 
103 
Sighrocca - synonyms 2-13, 
attraction 5-18 
Simha samvat 6A-10 
Simpson formula 
refraction 7B-4b 
Sine - meaning 4A - (1,2) 
5-46 calculation 5-54 
tables 5-66 


Somesvara 0-4 


for 


Solar eclipse - see eclipse 

Solar calendars - 6A-7 

Sothic cycle 6A-7 

South pole star 12-63 

Sphere -. volume 18-166, 
a(3), area 18-166a (2), 
camparison with cube 
18-168, origin 19-2 of 
air 19-6 


Siddhanta Darpana 


Sphuta - bhü paridhi 4A-5, 
tara graha 5-123, man- 
gala and budha 5-131, 
sun and moon 5-138, 
.conversion to mean 
value 5-166, from 
tables 5-187, - graha, 
definition of 6-28 need 
6-31, 39, 
demonstratoin 21-142, 
Bhàskara 21-151 

Spica positon - 5A-3 

Square root 7-7, of sexa- 
quesimal numbers 7-8, 
approximation 7-9 

Sravana 12-11, 24 

Sripati 0-4, 1A, 6A-3 a 

Srnga of moon - see moon 
horn 

S.S. Dey 1A 

Stars - position 12-11, 40, 
56 circumpolar 12-59 
distance & nature 17- 
138 ayana correction 
12-40 $ara 12-79 light 
18-41 kālāmśa, 
mānāmśa, kśetrāmśa 
12-70, 75 pole star 12- 
62 ākśdrkkarma 13-37 

Sthiti - see duration of 
eclipse 

Sudraka sarhvat 6A-10 

Sūkśma nakśatra 6-67 


Name and subject index 


Sun shape at rising and 

setting 7B-4f 
Sun tables 5A-2 
Süryadeva Yajvan 0-4 
Sürya grahana - see eclipse 
Svayamvaha yantra 20-108 
Svati 12-11, 24 

T 


Tables of sine 5-66 calcula- 
tion 5-72 

Tables of sun 5A-3 

Tables - for true planets 
5-187, missing number 
5-188 

Tamma Yajvan 0-4 

Tomomana 9-45 

Tiloyapannati 1A 

Time divisions 1-30, of day 
6A-6, month 64-6 
years 64-6, bigger 
units 1-39, current 1- 
46, by sun and moon 
22-24, ninefold 22-26, 
lunar 22-34, nakSatra 
22-36, solar 
sanskrit terms 24B-3 

Time - equation of 441 
a(2), 7B-2, local, stand- 
ard & true 7B-1 

Tithi - extent 5-197, 200 
variation 6-57, calcula- 
tion 5-202, no need for 
lambana 6-42, max. 


22-46, 
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value 9-87, in kautuka 
panjika 24-13, 24, 
names 25B-5 

Topics in chapters 24-92. 

Trigonometric ratios 4À- 
(1,2), 5-46 

Tri$anku - 1A 

True planet - see sphuta 
graha 

Tungantara correction - see 
evection 6A - (2, 3), 
6-9 origin 6-52 

Turiya.yantra 20-93 a (3) 

U 

Udayàntara correction 
(samskara) 4 - (33, 37), 
6-117 


Udaya - planet positions 
5-164 

Udayarka 13-37 

Udayasu - for lanka 4-30 

Universe - see creation 

Unmandala $anku 7-37 

Ursa major - see saptarsi 

Ursa minor 12-62 


Utkrama jya - Tables 5-66 
calculation 5-72 


V 
Vaidhrti - yoga 5-204 - 
mahapata 15-8 
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Vaknr gati 5-33, position 
5-142, demonstration 
21-129 

Valabhi era - 6A-10 

Valana - due to refraction 
7B-4, change in shape 
of sun at rising 7B-4, 


in eclipse 8-59, ex- 
plaination 8-69, 
diagram 10-3, ex- 


plaination 21-193 


Vapours from planets 17- 
104 


Vàra - Origin of names 
6A-6 adhipati 19-108 
$uddhi of ahargana 3- 
13 in kautuka panjika 
24-19 

Varsa, guru - calculation 3 
- (25, 26) names 3 - 
(31, 46) measures 22- 
70 other opinions 22- 
74 


Varsa - adhipati 3-16 by 
Satananda 3-20 

Va$istha 0-4 star 12-56 

Vate$vara 0-4 

Vatsara - types 6A-9 

Vedànga jyotisa 0-4, 6A-9 

Vedic calendar 6A-9 

Vidanna 0-4 

Vijayanandin 0-4 

Vikrama sarnvat 6A-10 


Siddhanta Darpana 


VikSepa - 5-33, max values 
5-33 

Vision limit 18-81, from 
meru  18-81a (4), 
simple formula 18-81 
a(5) for different 
heights 19-102 circles 
19-102, for Safku 19- 
102 

Visual magnitude of stars 
12-92a 

Visvamitra 6A-9, 6-67 

Vitribha lagna 8-5, $aüku 
9-15, explaination 21- 
173 

Volume of sphere 18-166, 
a(2) - and cube 18-168 

Vyasa 0-4 

Vyatipata - yoga 5-204, 
mahapata 15-8 

W 


Water clock 20-97 (1) 
Week days - 6A-6 
World calendar 6A-7 


Y 
Yajus jyotisa 6A-7 
Yallaya 0-4 
Yama 12-40 
Yantra - Old yantras 20- 
5a(3) made by 
Jayasimha 20-5a(3) 


gola yantra of 1 or 2 


Name and subject index 


axis 20-44 gola yantra 
of many axis 20-75, 
armillary sphere 20-44 
a (2) kàla yantra 20- 
77, golardha yantra 20- 
81, Jayapraka$a yantra 
20-81a, mana yantra 
20-92, cakra yantra 20- 
93, capa yantra 20-93 
a (2) turiya yantra 
20-93 a(3), water or 
sand clock 20-97 (1), 
nara yantra 20-97 (2), 
kapála yantra' 20-97 
(3), phalaka yantra 20- 
98, svayamvaha yantra 
20-108 


Yasti 7-37 
Yavana 0-4 
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Yoga - extent 5 - (197, 200), 
list and calculation 5- 
204 max value 9-87, 
sayana calculation 15- 
15, in kautuka panjika 
24- (13, 29) 

Yoga - (combination of ele- 
ments) auspicious 6A- 
11, inauspicious 15-58 

Yogatara 12-11, direction 
in a nakSatra 12-22 

Yojana 1A, 18-175 

Yudhisthira era 6A-10 

Yuga - concept 0-4, 1A, of 
5 years 6A-9, of 19 
years 6A-9 measures 
1-39, sandhya 1-39 
guru 3-46 

Yuti - see conjunction. 


